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PROBLEM 13.CQ1 

Block A is traveling with a speed Vo on a smooth surface when the 
surface suddenly becomes rough with a coefficient of friction of // 
causing the block to stop after a distance d. If block A were traveling 


* 


twice as fast, that is, at a speed 2vo, how far will it travel on the rough 


EL 




surface before stopping? 


t 




(a) dl 2 

(b) d 


smooth' 


' rough 






(c) 4id 

(d) 2d 

(e) 4 d 



SOLUTION 

Answer: ( e ) 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 



Ahmed- Kabil 






PROBLEM 13.1 

A 400-kg satellite was placed in a circular orbit 1500 km above the surface of the earth. At this elevation the 
acceleration of gravity is 6.43 m/s 2 . Determine the kinetic energy of the satellite, knowing that its orbital 
speed is 25.6xl0 3 km/h. 



SOLUTION 






Mass of satellite: 


m = 400 kg 




Velocity: 


v = 25.6 xlO 3 km/h = 7.1 1 lxlO 3 m/s 




Kinetic energy: 


r = imv 2 =i(400 kg)(7.111xl0 3 m/s) 2 






r = 10.113xl0 9 J 


T = 10.11 GJ ◄ 


Note: Acceleration of gravity has no effect on the mass of the satellite. 
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PROBLEM 13.2 




A 1-lb stone is dropped down the “bottomless pit” at 
Carlsbad Caverns and strikes the ground with a speed of 
95ft/s. Neglecting air resistance, determine (a) the kinetic 
energy of the stone as it strikes the ground and the height 
h from which it was dropped, (b) Solve Part a assuming 
that the same stone is dropped down a hole on the moon. 
(Acceleration of gravity on the moon = 5.31 ft/s 2 .) 



SOLUTION 






Mass of stone: 


m = W lb = 1 lb , - 0.031056 lb • s 2 /ft 

g 32.2 ft/s 2 




Initial kinetic energy: 


7j = 0 (rest) 




(a) Kinetic energy at ground strike: 


T 1 = y mv 2 = ^(0.031056)(95) 2 = 140.14 ft • lb 


T 2 =140.1 ft lb ◄ 


Use work and energy: 


A + >2 = A 




where 


f/ 1 _ >2 = wh = mgh 






0 + mgh = m v 2 






h= V K (95 ^ 

2g (2)(32.2) 


h — 140.1 ft ◄ 


( b ) On the moon: 


g = 5.31 ft/s 2 




T i and 7k will be the same, hence 




T 2 =140. 1ft lb ◄ 




h - v l- ^ 

2g (2)(5.31) 


h = 850 ft ◄ 
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PROBLEM 13.3 

A baseball player hits a 5.1-oz baseball with an initial velocity of 140 ft/s 
at an angle of 40° with the horizontal as shown. Determine (a) the kinetic 
energy of the ball immediately after it is hit, ( b ) the kinetic energy of the 
ball when it reaches its maximum height, (c) the maximum height above 
the ground reached by the ball. 



SOLUTION 

Mass of baseball: 



W = (5.1 oz) 



lib 



16 oz 
W 0.31875 1b 



m = — = - 



g 32.2 ft/s 2 



= 0.31875 lb 



= 0.009899 lb • s /ft 



(a) Kinetic energy immediately after hit. 



v = v 0 = 140 ft/s 

r =I mv 2 = I(0.009899)(1 40) 2 
2 2 

( b ) Kinetic energy at maximum height: 

v = v 0 cos 40° = 140 cos 40° = 107.246 ft/s 

T 2 =imv 2 =|(0.009899)(107.246) 2 

Principle of work and energy: 7, + U^ 2 ~ T 2 

U I—>2 = T 2 - 7j = -40.082 ft • lb 

Work of weight: 

Maximum height above impact point. 



U^ 2 =-Wd 



(c) Maximum height above ground: 



d = 7W L= -40.082 ft- lb =125?ft 
-W -0.31875 1b 



A = 125.7 ft + 2 ft 



= 97.0 ft -lb ◄ 



r, = 56.9 ft lb ◄ 



125.7 ft ◄ 



/z = 127.7 ft ◄ 
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PROBLEM 13.4 

A 500-kg communications satellite is in a circular geosynchronous orbit and completes one revolution about 
the earth in 23 h and 56 min at an altitude of 35800 km above the surface of the earth. Knowing that the radius 
of the earth is 6370 km, determine the kinetic energy of the satellite. 



SOLUTION 




Radius of earth: 


R = 6370 km 


Radius of orbit: 


r-R + h- 6370 + 35800 = 42170 km = 42.170xl0 6 m 


Time one revolution: 


t — 23 h +56 min 




t = (23 h)(3600 s/h) + (56 min)(60 s/min) = 86.160xl0 3 s 


Speed: 


Inr 2;r(42.170xl0 6 ) orV7C „ , 

t 86.160X10 3 


Kinetic energy: 


T 1 2 
l — — mv 
2 




r = ^ (500 kg)(3075.2 m/s) 2 = 2.3643 xlO 9 J 




T = 2.36 GJ ◄ 
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PROBLEM 13.5 

In an ore -mixing operation, a bucket full of ore is suspended 
from a traveling crane which moves along a stationary bridge. 
The bucket is to swing no more than 10 ft horizontally when 
the crane is brought to a sudden stop. Determine the maximum 
allowable speed v of the crane. 



SOLUTION 

Let position ® be the position with bucket B directly below A, and position © be that of maximum swing 
where d = 10 ft. Let L be the length AB. 



Kinetic energies: 



T, — —mv 2 , T 2 = 0 
2 



Work of the weight: U \-*2 ~ ~Wh = —mgh 

where h is the vertical projection of position © above position © 

From geometry (see figure), ^ 



y = V L 2 - d° 

h — L — y 

= L-a/l 2 -d 2 

= 30 — -y/(30) 2 - (10) 2 
= 1.7157 ft 



e 






- 




Principle of work and energy: 



0 

^1 + ^02 = ^2 



— mv 0 — mgh = 0 
2 



v 2 = 2 gh = (2)(32.2 ft/s 2 )(1 .7157 ft) = 110.49 ft 2 /s 2 



’ = 10.51 ft/s ◄ 
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PROBLEM 13.6 

In an ore -mixing operation, a bucket full of ore is suspended 
from a traveling crane which moves along a stationary bridge. 
The crane is traveling at a speed of 10 ft/s when it is brought to 
a sudden stop. Determine the maximum horizontal distance 
through which the bucket will swing. 



SOLUTION 



Let position ® be the position with bucket B directly below A, and position © be that of maximum swing 
where the horizontal distance is d. Let L be the length AB. 

1 2 

Kinetic energies: 7j=— mv , T 2 =0 

Work of the weight: U i >2 = —Wh = —mgh 

where h is the vertical projection of position © above position © . 



Principle of work and energy: 



From geometry (see figure), 



d = y]l? -y 2 

= ylL 2 -(L-h) 2 

= yl( 30) 2 -(30-L5528) 2 
= 9.53 ft 



^1 + ^ 1— >2 — T 2 
—mv 2 - mgh = 0 




d= 9.53 ft ◄ 
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PROBLEM 13.7 

Determine the maximum theoretical speed that may be achieved over a distance of 110 m by a car starting 
from rest assuming there is no slipping. The coefficient of static friction between the tires and pavement is 0.75, 
and 60 percent of the weight of the car is distributed over its front wheels and 40 percent over its rear wheels. 
Assume (a) front-wheel drive, (I?) rear-wheel drive. 



SOLUTION 

Let IT be the weight and m the mass. W = mg 

(a) Front wheel drive: N — 0.60W — 0.60mg 

Ms =0.75 

Maximum friction force without slipping: 

F = jU s N = (0.75)(0.601T) = 0.45 mg 
U = Fd = 0.45 mgd 

71=0, T 2 = mv 2 

Principle of work and energy: 7j + U x ^ 2 ~ ^2 

1 9 

0 + 0.45 mgd = — mv 2 

v 2 = (2)(0.45g</) = (2)(0.45)(9.81 m/s 2 )(110 m) = 971.19 m 2 /s 2 

v 2 - 31.164 m/s v 2 - 112.2 km/h M 

( b ) Rear wheel drive : N = 0.401T = 0.40/w« 

Ms -0.75 

Maximum friction force without slipping: 

F = jU s N = (0.75)(0.40W) = 0.30 mg 
U i _) 2 — Fd — 0.30 mgd 

T \ =0, T 2 — ~ mv 2 

Principle of work and energy: 7] + U^ 2 = T 2 

1 9 

0 + 030mgd = — mv 2 

v\ = (2X0.30) gd = (2)(0.30)(9.81 m/s 2 )(l 10 m) = 647.46 m 2 /s 2 
v 2 = 25.445 m/s v,=91.6km/h A 

Note: The car is treated as a particle in this problem. The weight distribution is assumed to be the same for 
static and dynamic conditions. Compare with sample Problem 16.1 where the vehicle is treated as a rigid 
body. 
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PROBLEM 13.8 




Skid marks on a drag racetrack indicate that the rear (drive) 
wheels of a car slip for the first 20 m of the 400-m track. 
(a) Knowing that the coefficient of kinetic friction is 0.60, 
determine the speed of the car at the end of the first 20-m 
portion of the track if it starts from rest and the front wheels 
are just off the ground, (b) What is the maximum 
theoretical speed for the car at the finish line if, after 
skidding for 20 m, it is driven without the wheels slipping 
for the remainder of the race? Assume that while the car is 
rolling without slipping, 60 percent of the weight of the car 
is on the rear wheels and the coefficient of static friction is 
0.75. Ignore air resistance and rolling resistance. 



SOLUTION 

(a) For the first 20 m, the normal force at the real wheels is equal to the weight of the car. Since the wheels 
are skidding, the friction force is 

F = M k N = Mk W = Mk m S 



Principle of work and energy: 7j + U x _^ 2 ~ 

1 9 

0+ Fd = — mvf 

2 

1 , 

0 + jU k mgd = — mv 2 



v 2 = 2ju k gd = (2)(0.6)(9.81 m/s 2 )(20 m) = 235.44 m 2 /s 2 



= 15.34 m/s A 



( b ) Assume that for the remainder of the race, sliding is impending and N = 0.6 W 

F = jU s N = jU s (0.6W) = (0.75X0.6 mg) = 0.45 mg 
Principle of work and energy: T 2 + U 2 ^ 3 = F 

— mv 2 + (0 A5mg)d' = — mv 2 



v 2 = v 2 (2)(0.45)gri / 

= 235.44 m 2 /s 2 +(2)(0.45)(9.81 m/s 2 )(400 m-20 m) 

= 3590.5 m 2 /s 2 

v 3 = 59.9 m/s A 
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PROBLEM 13.9 



A package is projected up a 15° incline at A with an initial 
velocity of 8 m/s. Knowing that the coefficient of kinetic friction 
between the package and the incline is 0.12, determine (a) the 
maximum distance d that the package will move up the incline, 
( b ) the velocity of the package as it returns to its original position. 
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PROBLEM 13.10 



A 1 .4 kg model rocket is launched vertically from rest with a constant thrust of 25 N until the rocket reaches 
an altitude of 15 m and the thrust ends. Neglecting air resistance, determine (a) the speed of the rocket when 
the thrust ends, ( b ) the maximum height reached by the rocket, (c) the speed of the rocket when it returns to 
the ground. 
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PROBLEM 13.11 

Packages are thrown down an incline at A with a velocity 
of 1 m/s. The packages slide along the surface ABC to a 
conveyor belt which moves with a velocity of 2 m/s. 
Knowing that jU k = 0.25 between the packages and the 
surface ABC , determine the distance d if the packages are 
to arrive at C with a velocity of 2 m/s. 



SOLUTION 

On incline AB: 



On level surface BC: 



At A, 



At C, 



N ab = mg cos 30° 
f ab = Bu n ab = 0.25 mg cos 30° 
U a^b = tngd sin 30° - F AB d 

= mgd( sin 30° -ju k cos 30°) 

N bc = mg x BC = 7 m 

f bc =Mk m S 
U B ^ c =-jU k ?ng x BC 



1 2 

T a = — mv A and v A = 1 m/s 



1 2 

T c = — mv c and v c — 2 m/s 



Assume that no energy is lost at the corner B. 
Work and energy. 



F A + F A—>B + F B^>C - Tc 



1 2 1 2 

— mv A + mgd (sin 30° - jU k cos 30°) - ju k mg x BC = — mv 0 



Dividing by m and solving for d, 



d = 



vp2 g + n k x BC -v 2 A l2g\ 

(sin 30° - ju k cos 30°) 

(2) 2 /(2)(9.81) + (0.25)(7) - (l) 2 /(2)(9.8 1) 
sin 30° - 0.25 cos 30° 










T 



Be. 



d - 6.71 m A 
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1 m/s 



PROBLEM 13.12 



Packages are thrown down an incline at A with a velocity of 
1 m/s. The packages slide along the surface ABC to a conveyor 
belt which moves with a velocity of 2 m/s. Knowing that 
d = 7.5 m and ju k = 0.25 between the packages and all 
surfaces, determine ( a ) the speed of the package at C, (b) the 
distance a package will slide on the conveyor belt before it 
comes to rest relative to the belt. 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 



519 










PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 







PROBLEM 13.13 

Boxes are transported by a conveyor belt with a velocity Vo to a 
fixed incline at A where they slide and eventually fall off at B. 
Knowing that /J k = 0.40, determine the velocity of the conveyor 
belt if the boxes leave the incline at B with a velocity of 8 ft/s. 
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PROBLEM 13.14 

Boxes are transported by a conveyor belt with a velocity Vo to a 
fixed incline at A where they slide and eventually fall off at B. 
Knowing that fj k = 0.40, determine the velocity of the conveyor 
belt if the boxes are to have zero velocity at B. 
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PROBLEM 13.15 

A 1200-kg trailer is hitched to a 1400-kg car. The car and trailer are 
traveling at 72 km/h when the driver applies the brakes on both the car 
and the trailer. Knowing that the braking forces exerted on the car and 
the trailer are 5000 N and 4000 N, respectively, determine (a) the 
distance traveled by the car and trailer before they come to a stop, 
( b ) the horizontal component of the force exerted by the trailer hitch 
on the car. 



SOLUTION 



Let position 1 be the initial state at velocity v l = 72 km/h = 20 m/s and position 2 be at the end of braking 
(v 2 = 0). The braking forces and F c — 5000 N for the car and 4000 N for the trailer. 



(a) Car and trailer system. 



( d = braking distance) 

1 2 

A =-(m c + m T )v 1 

^i->2 = — ( Ac + Ft M 
A + ^A— >2 = 

1 2 

— (m c + m r )v, - ( F c + F t )d =0 



T 2 = 0 



d = (m c + m T )y f = (2600)(20) 2 = 57 7?g 
2 (F c + F t ) (2)(9000) 

( b ) Car considered separately. 

Let FI be the horizontal pushing force that the trailer exerts on the car through the hitch. 



d = 57.8 m A 



T 1 2 
A =~ m c v i 

U^ 2 =(H-F c )d 

A + ^A— >2 = A> 

^m c vf+(H-F c )d=() 



A> =° 



H = C. 



,w c v iA_ 5000^ (1 40 °)( 2 °)~ 



2J 



(2)(57.778) 



Trailer hitch force on car: 



H = 154N 
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PROBLEM 13.16 



A trailer truck enters a 2 percent uphill grade traveling at 72 km/h and reaches a speed of 108 km/h in 300 m. 
The cab has a mass of 1800 kg and the trailer 5400 kg. Determine (a) the average force at the wheels of the 
cab, (b) the average force in the coupling between the cab and the trailer. 



108 km/h 




SOLUTION 



Initial speed: 
Final speed: 



Vertical rise: 



Distance traveled: 



Vj = 72 km/h = 20 m/s 



v 2 = 108 km/h = 30 m/s 



h = (0.02X300) = 6.00 m 



d = 300 m 



( a ) Traction force. Use cab and trailer as a free body. 



m - 1 800 + 5400 = 7200 kg 



Work and energy: 



h + C— >2 - ^2 



W = mg = (7200X9.81) = 70.632xl0 3 N 

1 , 1 , 

—mvf — Wh + F.d — —mv, 

2 '2 



F t =\ -mv[+Wh-mv{ = — i (7200) (30) 2 + (70.632 xl0 3 )(6.00)-- -(7200)(20) : 



300 1 2 



= 7.4126x10 N 



F t = 7.41 kN ◄ 



(b) Coupling force F c . Use the trailer alone as a free body. 



m = 5400 kg 



(X = mg = (5400X9.81) = 52.974xl0 3 N 



Assume that the tangential force at the trailer wheels is zero. 



Work and energy: 7 \+U^ 2 =T 2 



1 9 1 9 

— mv, - Wh + F.d — — mv, 

2 2 



The plus sign before F c means that we have assumed that the coupling is in tension. 

F c =— ~mv\ + Wh - —m\’l = — — (5400)(30) 2 + (52.974 x 10 3 )(6.00) - -(5400)(20) 2 
ct 2 2 300 2 2 



= 5.5595xl0 3 N 



F — 5.56 kN (tension) M 
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PROBLEM 13.17 



The subway train shown is traveling at a speed of 30 mi/h 
when the brakes are fully applied on the wheels of cars B 
and C, causing them to slide on the track, but are not 
applied on the wheels of car A. Knowing that the 
coefficient of kinetic friction is 0.35 between the wheels 
and the track, determine (a) the distance required to bring 
the train to a stop, (b) the force in each coupling. 
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30 mi/lt 

< 

40 tons 50 tons 40 tons 

ABC 






PROBLEM 13.18 



The subway train shown is traveling at a speed of 30 mi/h 
when the brakes are fully applied on the wheels of cars A, 
causing it to slide on the track, but are not applied on the 
wheels of cars A or B. Knowing that the coefficient of 
kinetic friction is 0.35 between the wheels and the track, 
determine (a) the distance required to bring the train to a 
stop, ( b ) the force in each coupling. 
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PROBLEM 13.19 

Blocks A and B weigh 25 lbs and 10 lbs, respectively, and they are both 
at a height 6 ft above the ground when the system is released from rest. 
Just before hitting the ground block A is moving at a speed of 9 ft/s. 
Determine (a) the amount of energy dissipated in friction by the pulley, 
( b ) the tension in each portion of the cord during the motion. 



h 



SOLUTION 

By constraint of the cable block B moves up a distance h when block A moves down a distance h. (h = 6 ft) 
Their speeds are equal. 

Let F A and F B be the tensions on the A and B sides, respectively, of the pulley. 







w . 


25 




Masses: 


M A 


A 




= 0.7764 lb • s- /ft 






g 


32.2 






M b 


= WjL = 


10 


= 0.31056 lb • s 2 /ft 



Let position 1 be the initial position with both blocks a distance h above the ground and position 2 be just 
before blocks hits the ground. 

Kinetic energies: (7j) A =0, (7j) B =0 

(T 2 ) a = |m A v 2 = ^(0.7764)(9) 2 =31.444 ft • lb 

(r 2 ) fi =im JJ v 2 =^(°.3 1 056)(9) 2 =!2.578 ft -lb 

Principle of work and energy: 7j + U x _^ 2 ~ ^2 

Block A: U x _ >2 ={W A -F A )h 

0 + (25 - F A )(6) = 31 .444 F A = 19.759 lb 

Block B: U x ^ 2 = (F B - W B )li 

0 + (F B -10)(6) = 12.578 F B — 12.096 lb 

At the pulley F A moves a distance h down, and F B moves a distance h up. The work done is 

U \_ >2 = (F a - Fg )h = (19.759 - 12.096)(6) = 46.0 ft • lb 
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PROBLEM 13.19 (Continued) 



Since the pulley is assumed to be massless, it cannot acquire kinetic energy; hence, 



(a) 


Energy dissipated by the pulley: 


E p = 46.0 ft • lb ◄ 


(b) 


Tension in each portion of the cord: 


A :19.761b ◄ 






B :12.101b ◄ 
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PROBLEM 13.20 

The system shown is at rest when a constant 30 lb force is 
applied to collar B. (a) If the force acts through the entire 
motion, determine the speed of collar B as it strikes the 
support at C. ( b ) After what distance d should the 30 lb 
force be removed if the collar is to reach support C with 
zero velocity? 



6 lb 




SOLUTION 






Let F be the cable tension and v B be the velocity of collar B when it strikes the support. Consider the collar B. 
Its movement is horizontal so only horizontal forces acting on B do work. Let d be the distance through which 


the 30 lb applied force moves. 


(T l ) B +(U^ 2 ) B =(T 2 ) B 






1 1 8 

0 + 30 d (2F)(2) = vl 

2 32.2 B 






30 d -4 F = 0.27950v 2 


(1) 


Now consider the weight A. When the collar moves 2 ft to the left, the weight moves 


4 ft up, since the cable 


length is constant. Also, v A — 2v B . 


(T l ) A + (U 1 _ 2 ) A = (T 2 ) B 






0 + (F-W a )(4) = ^v 2 a 

2 g 






4F-(6)(4) = IJL-(2v b ) 2 

2 32.2 






4F- 24 = 0.37267v 2 


(2) 


Add Eqs. (1) and (2) to eliminate F. 


30d- 24 = 0.65217v 2 


(3) 


(a) Case a: d- 2 ft, v B =? 


(30)(2) - (24) = 0.65217v'g 






v 2 =55.2 ft 2 /s 2 


v B = 7.43 ft/s A 


( b ) Case b: d = ?, v B = 0. 


30 d - 24 = 0 


d = 0.800 ft ◄ 
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PROBLEM 13.21 




Car B is towing car A at a constant speed of 10 m/s on an uphill 
grade when the brakes of car A are fully applied causing all four 
wheels to skid. The driver of car B does not change the throttle 
setting or change gears. The masses of the cars A and B are 
1400 kg and 1200 kg, respectively, and the coefficient of kinetic 
friction is 0.8. Neglecting air resistance and rolling resistance, 
determine ( a ) the distance traveled by the cars before they come 
to a stop, ( b ) the tension in the cable. 



SOLUTION 




F = 0.8 N a 



Given: Car B tows car A at 10 m/s uphill. 

Car A brakes so 4 wheels skid. ju k = 0.8 

Car B continues in same gear and throttle setting. 

Find: ( a ) Distance d, traveled to stop 
( b ) Tension in cable 

(a) h\ - traction force (from equilibrium) 

F 1 = (1400g)sin5° + (1200g)sin5° 

= 2600(9.81) sin 5° 

For system: A + B 

U v _ 2 = [(Fj - 1400gsin5° - 1200gsin5°) - F\d 



= T 2 -T x = 0 - \m A+B v 2 = -i(2600)(10) 2 




Since (F t - 1400gsin5° - 1200gsin5°) = 0 

-Fd = -0.8 [1400(9. 81) cos 5°]r/ = -130,000 N • m 

cl = 11.88 m A 

( b ) Cable tension, T 

U I-2 = [T - 0.8N a ] (11.88) = T 2 -T x 

( T - 0.8(1 400)(9. 81) cos5°)l 1.88 - --^(10) 2 

(T - 10945) = -5892 

= 5.053 kN 

T = 5.05 kN ◄ 
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PROBLEM 13.22 

The system shown is at rest when a constant 250-N force is applied to 
block A. Neglecting the masses of the pulleys and the effect of friction 
in the pulleys and between block A and the horizontal surface, 
determine (a) the velocity of block B after block A has moved 2 m, (b) 
the tension in the cable. 



SOLUTION 

Constraint of cable: 

x A + 3y g = constant 
Ax a + 3A y B = 0 
v a +3v b =0 

Let F be the tension in the cable. 

Block A: m A = 30 kg, P = 250N, (7^=0 

(T 1 ) a + (U^ 2 )a=(T 2 )a 



|»- 






- 

A - 



0 + (P-F)(Ax A ) = ^-m A v 2 A 



2 



Block B: 



0 + (250-F)(2) = i(30)(3v B ) 2 



500-2F = 135v" 



m B = 25 kg, W B = m B g = 245.25 N 
(T 1 )b+(U 1 ^ 2 ) b =(T 2 ) b 
0 + (3F-W B )(-Ay B ) = ^m B v 2 B 



(?F)~ 245.25) 



~2 



tI = t(25)v 2 






% 



I 

6 



(i) 



2F- 163.5 = 12.5 vs 



(2) 
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250 N 



30 kg 





PROBLEM 13.23 

The system shown is at rest when a constant 250-N force is applied to 
block A. Neglecting the masses of the pulleys and the effect of friction in 
the pulleys and assuming that the coefficients of friction between block A 
and the horizontal surface are ju s =0.25 and ju k = 0.20, determine (a) the 
velocity of block B after block A has moved 2 m, ( b ) the tension in the cable. 




B 

25 kg 



SOLUTION 

Check the equilibrium position to see if the blocks move. Let F be the tension in the cable. 



Block B: 



Block A: 



= 81.75 N 



3F -m B g = 0 
F _ m B g _ { 25X9.81) 

3 3 

+|ZF V =0: N A - m A g = 0 

N a = m A g = (30)(9.81) = 294.3 N 
XF r =0: 250 - F A - F = 0 

F a =250-81.75 = 168.25 N 

Available static friction force: ju s N A = (0.25)(294.3) = 73.57 N 

Since F A > jil s N A , the blocks move. 

The friction force, F A , during sliding is 

F a = jU k N A = (0.20)(294.3) = 58.86 N 

Constraint of cable: 

x A +3 y B = constant 
Ax a + 3 A y B = 0 
v a +3v b =° 
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PROBLEM 13.23 (Continued) 



Block A: 



Block B: 



m A = 30 kg, P = 250 N, (7i) A =0. 
(T l ) A +(U 1 ^ 2 ) A =(T 2 ) A 



0 + (P-F A -F)(Ax A ) = ±m A v 2 A 
0 + (250 - 58.86 - F)( 2) = ^(30)(3v B ) 2 



382.28 -2F = 135v^ 

M B = 25 kg, =m B g = 245.25 N 

0 + (3F-W fl )(-Ay B ) = im B v 2 



(3F- 245.25) 






V -V 



= ^(25)v 2 



2F -163.5 = 12.5 v 2 

Add Eqs. (1) and (2) to eliminate F. 

382.28 -163.5 = 147.5v 2 

v 2 =1.48325 m 2 /s 2 



(a) Velocity of B: 

( b ) Tension in the cable: 

From Eq. (2), IF - 163.5 = (12.5)(1 .48325) 



( 1 ) 



(2) 



\ B =1.218 m/s -* — 4 
F = 91.0 N ◄ 
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PROBLEM 13.24 



Two blocks A and B, of mass 4 kg and 5 kg, respectively, are connected 
by a cord which passes over pulleys as shown. A 3 kg collar C is placed 
on block A and the system is released from rest. After the blocks have 
moved 0.9 m, collar C is removed and blocks A and B continue to move. 
Determine the speed of block A just before it strikes the ground. 
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PROBLEM 13.25 




Four packages, each weighing 6 lb, are held 
in place by friction on a conveyor which is 
disengaged from its drive motor. When the 
system is released from rest, package 1 
leaves the belt at A just as package 4 comes 
onto the inclined portion of the belt at B. 
Determine (a) the speed of package 2 as it 
leaves the belt at A, (b) the speed of 
package 3 as it leaves the belt at A. Neglect 
the mass of the belt and rollers. 
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PROBLEM 13.26 



A 3-kg block rests on top of a 2-kg block supported by, but not attached to, a spring 
of constant 40 N/m. The upper block is suddenly removed. Determine (a) the 
maximum speed reached by the 2-kg block, ( b ) the maximum height reached by the 
2 -kg block. 



SOLUTION 




Call blocks A and B. 


m A = 2 k §> m B = 3 kg 


( a ) Position 1 : Block B has just been removed. 


Spring force: 


F s =~( m A +m B )g = -kx\ 


Spring stretch: 


_ _ (5 kg)(9.81 m/s 2 ) _ j 22625 m 
k 40 N/m 


Let position 2 be a later position while the spring still contacts block A. 


r x 2 

Work of the force exerted by the spring: (^i_» 2 )e = _ kxdx 

Jxj 




1,^1 9 1 o 

= — kx 2 = — kxT — kx 2 

2 v 2 2 - 

= T(40)(-1.22625) 2 - ^-(40)x 2 2 = 30.074- 20v 2 2 


Work of the gravitational force: 


(U^ 2 ) g =-m A g(x 2 -x i) 

= -(2)(9.81)(x 2 +1.22625) = -19.62x 2 - 24.059 


Total work: 


U 1—>2 = —20xl + 19.62x 2 +6.015 


Kinetic energies: 


7j = 0 




F 2 ~ ~^ m A V 2 ~ ^( 2 ) V 2 = V 2 


Principle of work and energy: 


7j + U^_,2 - T 2 




0 + 20x 2 - 19.62x 2 + 6.015 = v 2 


Speed squared: 


v 2 2 = -20x? - 19.62 x 2 +6.015 (1) 


At maximum speed, 


^ = 0 
dx 2 
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PROBLEM 13.26 (Continued) 


Differentiating Eq. (1), and setting equal to zero, 




2v 2 ^- = -40x, = -19.62 = 0 
dx 




x 2 = 19 ' 62 = 0.4905 m 
40 


Substituting into Eq. (1), v| = - 


-(20)(— 0.4905) 2 - (19.62)(-0.4905) + 6.015 = 10.827 m 2 /s 2 


Maximum speed: 


v 2 = 3.29 m/s ◄ 


( b ) Position 3: Block A reaches maximum height. Assume that the block has separated from the spring. 


Spring force is zero at separation. 




Work of the force exerted by the spring: 


V^ 3 ) e =- 


f kxdx - —kx{ — — (40)(1. 22625)" = 30.074 J 
J 2 2 


Work of the gravitational force: 


(U^ 3 ) g = —m A gh = -(2)(9.81 )h = -19.62 h 


Total work: 


[/^ 3 =30.074-19.62 h 


At maximum height, 


o 

ii 

o' 

ii 

m 

> 


Principle of work and energy: 


h + ^l->3 ~ ^3 




0 + 30.074-19.62 h = 0 


Maximum height: 


h = 1.533 m A 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 







PROBLEM 13.27 

Solve Problem 13.26, assuming that the 2-kg block is attached to the spring. 

PROBLEM 13.26 A 3-kg block rests on top of a 2-kg block supported by, but not 
attached to, a spring of constant 40 N/m. The upper block is suddenly removed. 
Determine (a) the maximum speed reached by the 2-kg block, ( b ) the maximum 
height reached by the 2-kg block. 



SOLUTION 






Call blocks A and B. 


m A = 2 kg, m B = 3 kg 




( a ) Position 1 : Block B has just been removed. 




Spring force: 


F s =-(m A +m B )g=-kx i 




Spring stretch: 


(m A + ,„ B ) g= (5 kg)(9.81 m/s 2 ) _ , m 




k 


40 N/m 


Let position 2 be a later position. Note that the spring remains 


attached to block A. 


rx 2 

Work of the force exerted by the spring: ([/^ 2 ) e = - kxdx 

J V| 




= - — kx 2 


* 2 1 ply 

= — kxt kxX 




2 


x 2 1 2 2 
x l 




= >(- 


- 1 .22625) 2 - i (40)x 2 = 30.074 - 20x 2 2 


Work of the gravitational force: 


=-m A g(x 2 -x l ) 




= — (2)(9.81)(jc 2 +1.22625) = -19.62x 2 - 24.059 


Total work: 


f/ 1 _ >2 = —20x2 ~19.62 x 2 +6.015 


Kinetic energies: 


71=0 






rj -> 1 2 1 /o\ 2 2 

^2 - ~^ m A V 2 ~—(2) V 2 ~ V 2 


Principle of work and energy: 


F \ + U^ 2 - T 2 






0 + 20x 2 -19.62x 2 +6.015 = v 2 


Speed squared: 


v 2 = -20x 2 -19. 62x 2 +6.015 (1) 


At maximum speed, 








dx 2 
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PROBLEM 13.27 (Continued) 



Differentiating Eq. (1) and setting equal to zero, 

2v 2 = -40x 2 = -19.62 = 0 

dx 2 

x = _ 1^62 = _ () 49Q5 m 

40 

Substituting into Eq. (1), v 2 = -(20)(-0.4905) 2 - (19.62)(-0.4905) + 6.015 = 10.827 m‘/s 2 
Maximum speed: v 2 = 3.29 m/s A 

( b ) Maximum height occurs when v 2 = 0. 

Substituting into Eq. (1), 0 = -20x? -19.62x 2 +6.015 

Solving the quadratic equation 

x 2 = -1.22625 m and 0.24525 m 
Using the larger value, x 2 = 0.24525 m 

Maximum height: h-x 2 -x 2 - 0.24525 + 1.22625 h = 1.472 m A 
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PROBLEM 13.28 

An 8-lb collar C slides on a horizontal rod between springs A and B. 
If the collar is pushed to the right until spring B is compressed 2 in. 
and released, determine the distance through which the collar will 
travel assuming (a) no friction between the collar and the rod, 
( b ) a coefficient of friction ju k = 0.35. 



SOLUTION 



(a) 




k B = 144 lb/ft 
k A =216 lb/ft 



Since the collar C leaves the spring at B and there is no friction, it must engage the spring at A. 



t a = o 



T B = 0 



Ua-b = 



r 2/12 r 

= J 0 k B XdX ~ J, 



Ua-b = 



144 lb/ft 



o 

2_ 

12 



k A xdx 



ft 



216 lb/ft 



(yf 



T a + U a-b ~ T b : 



Total distance 



0 + 2-108v 2 =0 
y = 0.1361 ft = 1.633 in. 

d = 2 + 16 — (6 — 1 .633) 



(b) Assume that C does not reach the spring at B because of friction. 



d = 13.63 in. ◄ 



N = IT = 6 lb 

F f = (0.35X8 lb) = 2.80 lb 

t a = t d = o 





4m 


r 2/12 

A _ D = I44xdx— Fy(y) = 2 — 2.80y 

J 0 




A-D = Tq 0 + 2 — 2.80j — 0 




y = 0.714 ft = 8.57 in. 





The collar must travel 16 - 6 + 2 = 12 in. before it engages the spring at B. Since y = 8.57 in., it stops 
before engaging the spring at B. 

Total distance d = 8.57 in. M 
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PROBLEM 13.29 




A 6-lb block is attached to a cable and to a spring as shown. The constant of the spring is 
k — 8 lb/in. and the tension in the cable is 3 lb. If the cable is cut, determine (a) the 
maximum displacement of the block, (b) the maximum speed of the block. 



SOLUTION 



For weight: 
For spring: 



P *3 /b 



vy 



(a) For x , v 2 = 0: 



k = 8 lb/in. = 96 lb/ft 



. /A// TJAL 



I rTLw=^46 

;|Ltf© 



vf- (/z) t -t-&r ■= 3 /b -f-fo/fytefc 

ZF y = 0: (F s \ =6-3 = 3 lb C 

v = 0 T, =0: T 2 =-{ — 1 v 2 2 = 0.09317v 2 2 
1 1 2 2^32.2 J 2 

1/ 1 _ 2 = (6 lb)x = 6x 
U !_ 2 = — f (3 + 96x)dx = —3x - 48x 2 

J 0 

+ U i_ 2 =T 2 : 0 + 6x-3x- 48x 2 = 0.093 17v 2 2 
3x -48.x 2 =0.093 17 v 2 2 

3x - 48x 2 = 0 



x = 0, x m = — = — ft 
m 48 16 



x„, = 0.75 in. ) ◄ 
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B $ 

gg k = 2 kN/m 

®L 

10 kg 




PROBLEM 13.30 

A 10-kg block is attached to spring A and connected to spring B by a cord and 
pulley. The block is held in the position shown with both springs unstretched 
when the support is removed and the block is released with no initial velocity. 
Knowing that the constant of each spring is 2 kN/m, determine (a) the velocity of 
the block after it has moved down 50 mm, ( b ) the maximum velocity achieved by 
the block. 



k = 2 kN/m 



SOLUTION 




(a) 



( b ) 



W = weight of the block = 10 (9.81) = 98. 1 N 

1 

x b = ~ X A 



Ul -2 = W(x A ) - \k A ( XA ) 2 - h B (x B ) 2 
(Gravity) (Spring A) (Spring B) 

U 1 _ 2 =( 98.1 N)(0.05 m) - ^(2000 N/m)(0.05 m) 2 

— -i- (2000 N/m)(0.025 m) 2 

C/t -2 =^(m)v 2 =i(10kg)v 2 

4.905 - 2.5 - 0.625 = - (10)v 2 
2 



v = 0.597 m/s -4 

Let x = distance moved down by the 10 kg block 



U l _ 2 =W(x)~ \k A {x) 2 -\k B 



d_ 

dx 



— (m)v 2 
2 



, 2 ) 

k 



— (m)v 2 
2 



= 0 = W — k A (x) — (2jc) 
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PROBLEM 13.31 

A 5-kg collar A is at rest on top of, but not attached to, a spring 
with stiffness k\ — 400 N/m; when a constant 150-N force is 
applied to the cable. Knowing A has a speed of 1 m/s when the 
upper spring is compressed 75 mm, determine the spring 
stiffness /o. Ignore friction and the mass of the pulley. 



SOLUTION 

Use the method of work and energy applied to the collar A. 

h + ^ 1— >2 = ^2 

Since collar is initially at rest, 7j = 0. 

In position 2, where the upper spring is compressed 75 mm and v 2 =1.00 m/s, the kinetic energy is 

T 2 = Imv 2 2 = 2(5 kg)(1.00 m/s) 2 = 2.5 J 

As the collar is raised from level A to level B, the work of the weight force is 

(Vi-> 2 ) g =~mgh 

where m — 5 kg, g — 9.8 1 m/s 2 and h = 450 mm = 0.450 m 
Thus, (U^ 2 ) g =-(5)(9.8 1)(0.450) = -22.0725 J 

In position 1, the force exerted by the lower spring is equal to the weight of collar A. 

F ] = mg = -(5 kg)(9.81 m/s) = -49.05 N 
As the collar moves up a distance x\, the spring force is 

F = F 1 - k t x 2 

until the collar separates from the spring at 

Fi 49.05 N 10A/COC 

x t — — = = 0. 122625 m = 122.625 mm 

! k x 400 N/m 
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PROBLEM 13.31 (Continued) 



Work of the force exerted by the lower spring: 



(^->2)1 = f ' ( F \ -k\X)dx 

J 0 



- F\X f - ^kxj = k t xj - -k\X 2 f = ^k ]X 2 f 

= ^(400 N/m)(0.122625) 2 = 3.0074 J 

In position 2, the upper spring is compressed by y — 75 mm = 0.075 m. The work of the force exerted 
by this spring is 

(.U l ^ 2 ) 2 =~k 2 y 2 =~k 2 ( 0.075) 2 = -0.0028125 k 2 
Finally, we must calculate the work of the 150 N force applied to the cable. In position 1, the length AB is 

(J, AB ) 1 = V( 450) 2 + (400) 2 = 602.08 mm 



In position 2, the length AB is (l AB ) 2 = 400 mm. 

The displacement d of the 150 N force is 

d = (l AB )i - (l A!t ) 2 = 202.08 mm = 0.20208 m 

The work of the 150 N force P is 



(U^ 2 ) P - Pd - (150 N)(0.20208 m) = 30.312 J 

Total work: U^ 2 = -22.0725 + 3.0074 - 0.0028125£ 2 + 30.312 

= 11.247-0.0028125^2 

Principle of work and energy: 7] + U ] ^ 1 = T 2 

0 + 11.247- 0.0028 125k 2 =2.5 

k 2 — 31 10 N/m k 2 =3110 N/m ◄ 
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PROBLEM 13.32 



A piston of mass m and cross-sectional area A is equilibrium 
under the pressure p at the center of a cylinder closed at both 
P m p ends. Assuming that the piston is moved to the left a distance 

a/2 and released, and knowing that the pressure on each side of 
the piston varies inversely with the volume, determine the 

a -I- a -| velocity of the piston as it again reaches the center of the 

cylinder. Neglect friction between the piston and the cylinder 
and express your answer in terms of m, a, p, and A. 
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PROBLEM 13.33 



An uncontrolled automobile traveling at 65 mph strikes squarely a highway crash cushion of the type shown 
in which the automobile is brought to rest by successively crushing steel barrels. The magnitude F of the force 
required to crush the barrels is shown as a function of the distance x the automobile has moved into the 
cushion. Knowing that the weight of the automobile is 2250 lb and neglecting the effect of friction, determine 
(a) the distance the automobile will move into the cushion before it comes to rest, (b) the maximum 
deceleration of the automobile. 

y F(kips) 

v o 

36 
27 
18 

5 14 x(ft) 
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PROBLEM 13.34 

Two types of energy-absorbing fenders designed to be used on a 
pier are statically loaded. The force-deflection curve for each type 
of fender is given in the graph. Determine the maximum 
deflection of each fender when a 90-ton ship moving at 1 mi/h 
strikes the fender and is brought to rest. 



SOLUTION 




Weight: 


W x = (90 ton)(2000 lb/ton) = 180x10 


Mass: 


W 180X10 3 ccnn]U 2 ,. 

m = — = = 5590 lb • s /ft 

8 32.2 


Speed: 


, ... 5280 ft 

v, = 1 mi/h = = 1 .4667 ft/s 

1 3600 s 


Kinetic energy: 


Tj =i,uv 2 =i(5590)(1.4667) 2 



= 6012 ft lb 
T 2 = 0 (rest) 

Principle of work and energy: 7j + C/ 1 _ J . 2 = T 2 

6012 + ^2 =0 

U x _, 2 =-6012 ft lb = -72.15 kip in. 

The area under the force-deflection curve up to the maximum deflection is equal to 72. 15 kip • in. 
Fender A: From the force-deflection curve F - kx k- ^ max = — = 5 kip/in. 

'hnax 1 ^ 

r x r x 1 2 

Area = J fdx = J kx dx = — kx 



-(5)x 2 =72.51 
2 



x 2 = 28.86 in. 2 



= 5.37 in. ◄ 



Fender B: We divide area under curve B into trapezoids 







Partial area 


Total Area 


From x = 0 


to x = 2 in.: 


i(2 in.)(4 kips) = 4 kip • in. 


4 kip • in. 


From x = 2 in. 


to x = 4 in.: 


i(2 in.)(4 + 10) = 14 kip • in. 


18 kip in. 


From x = 4 in. 


to x = 6 in.: 


—(2 in.)(10 + 18) = 28 kip • in. 


46 kip • in. 






2 
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PROBLEM 13.35 



Nonlinear springs are classified as hard or soft, depending upon the curvature of their force-deflection curve 
(see figure). If a delicate instrument having a mass of 5 kg is placed on a spring of length / so that its base is 
just touching the undeformed spring and then inadvertently released from that position, determine the 
maximum deflection x m of the spring and the maximum force F m exerted by the spring, assuming (a) a linear 
spring of constant k — 3 kN/m, (b) a hard, nonlinear spring, for which F = (3 kN/m)(x + 160x 2 ) . 







PROBLEM 13.36 

A rocket is fired vertically from the surface of the moon with a speed v 0 . Derive a formula for the ratio hjh u 
of heights reached with a speed v, if Newton’s law of gravitation is used to calculate h n and a uniform 
gravitational field is used to calculate h u . Express your answer in terms of the acceleration of gravity g m on 
the surface of the moon, the radius R m of the moon, and the speeds v and v 0 . 
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PROBLEM 13.37 

Express the acceleration of gravity g h at an altitude h above the surface of the earth in terms of the 
acceleration of gravity g 0 at the surface of the earth, the altitude h and the radius R of the earth. Determine 
the percent error if the weight that an object has on the surface of earth is used as its weight at an altitude of 
(a) 1 km, ( b ) 1000 km. 
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PROBLEM 13.38 



A golf ball struck on earth rises to a maximum height of 
60 m and hits the ground 230 m away. How high will the 
same golf ball travel on the moon if the magnitude and 
direction of its velocity are the same as they were on earth 
immediately after the ball was hit? Assume that the ball is 
hit and lands at the same elevation in both cases and that the 
effect of the atmosphere on the earth is neglected, so that the 
trajectory in both cases is a parabola. The acceleration of 
gravity on the moon is 0.165 times that on earth. 
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PROBLEM 13.39 

The sphere at A is given a downward velocity v 0 of 
magnitude 5 m/s and swings in a vertical plane at the 
end of a rope of length l = 2 m attached to a support at O. 
Determine the angle 0 at which the rope will break, 
knowing that it can withstand a maximum tension equal 
to twice the weight of the sphere. 
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PROBLEM 13.40 



The sphere at A is given a downward velocity v 0 and swings 
in a vertical circle of radius / and center O. Determine the 
smallest velocity v 0 for which the sphere will reach Point B as 
it swings about Point O (a) if AO is a rope, ( b ) if AO is a 
slender rod of negligible mass. 
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PROBLEM 13.41 

A small sphere B of weight W is released from rest in the position shown 
and swings freely in a vertical plane, first about O and then about the peg A 
after the cord comes in contact with the peg. Determine the tension in the 
cord (a) just before the sphere comes in contact with the peg, (b) just after 
it comes in contact with the peg. 
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B 



P 



PROBLEM 13.42 

A roller coaster starts from rest at A, rolls down the track to B , 
describes a circular loop of 40-ft diameter, and moves up and 
down past Point E. Knowing that h = 60 ft and assuming no 
energy loss due to friction, determine (a) the force exerted by his 
seat on a 160-lb rider at B and D, (b) the minimum value of the 
radius of curvature at E if the roller coaster is not to leave the 
track at that point. 
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PROBLEM 13.43 




p 



In Problem 13.42, determine the range of values of h for which 
the roller coaster will not leave the track at D or E, knowing 
that the radius of curvature at £ is p = 75 ft. Assume no 
energy loss due to friction. 

PROBLEM 13.42 A roller coaster starts from rest at A, rolls 
down the track to B, describes a circular loop of 40-ft diameter, 
and moves up and down past Point E. Knowing that h = 60 ft 
and assuming no energy loss due to friction, determine (a) the 
force exerted by his seat on a 160-lb rider at B and D, (b) the 
minimum value of the radius of curvature at E if the roller 
coaster is not to leave the track at that point. 



SOLUTION 



Let y p be the vertical distance from Point A to any Point P on the track. Let position 1 be at A and position 
2 be at P. Apply the principle of work and energy. 



7j=0 

u i-> 2 = mgy P 



rjl 1 2 

A = —mv P 
2 2 p 



1 



Magnitude of normal acceleration of P: 



T \ +u ^ 2 =T 2 : 0 + mgy p = - mv 
v 2 P = 2gy P 






Pp Pp 

The condition of loss of contact with the track at P is that the curvature of the path is equal to p p and the 
normal contact force N P = 0. 



Car at Point D. 





Ip 




S\ 


_n__ 


\ 


n 


ii 




f 



V 



p D =r = 20 ft 

y d ~ h 2r 

2 g(h- 2 r) 



(a D )n 






f| £F = 



ma 



N d + mg = m 



2g(h-2r) 



N d = mg 



r 

2h-5r 
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PROBLEM 13.44 

A small block slides at a speed v on a horizontal surface. Knowing 
that h — 0.9 m, determine the required speed of the block if it is to 
leave the cylindrical surface BCD when 6 — 30°. 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 







B B 




PROBLEM 13.45 


t 

h 

1 


/ \d\ 


E 


A small block slides at a speed v = 8 ft/s on a horizontal surface at a 
height/? = 3 ft above the ground. Determine (a) the angle# at which it 
will leave the cylindrical surface BCD, ( b ) the distance x at which it 
will hit the ground. Neglect friction and air resistance. 










X >\ 
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PROBLEM 13.45 (Continued) 



( b ) From (1) and (3) 



At C: 



At E: 
At E: 



i* 

v c = fgy 

v c = 7(32.2)(2.6625) 
v c = 9.259 ft/s 

(v c ) x = v c cos# = (9.259)(cos27.4°) = 8.220 ft/s 
(v c ) v = —v c sin # = -(9.259)(sin 27.4°) = 4.261 ft/s 

y = y c + (v c ) y t -^-gt 2 = 2.6625 - 4.26 It -16.lt 2 

j £ =0: t 2 +0.2647t- 0.1 654 = 0 

t = 0.2953 s 

x = A(sin 0) + (v c ) f t = (3)(sin 27.4°) + (8.220)(0.2953) 
x = 1.381 + 2.427 = 3.808 ft 

x = 3.81 ft ◄ 
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PROBLEM 13.46 

A chair-lift is designed to transport 1000 skiers per hour from the base 
A to the summit B. The average mass of a skier is 70 kg and the average 
speed of the lift is 75 m/min. Determine (a) the average power required, 
( b ) the required capacity of the motor if the mechanical efficiency is 
85 percent and if a 300 percent overload is to be allowed. 



SOLUTION 



Note: Solution is independent of speed. 



(a) 



Average power 



A U 
At 



(1000)(70 kg)(9.81 m/s 2 )(300 m) _ g? ^ N-m 
3600 s ’ s 



Average power = 57.2 kW A 



( b ) Maximum power required with 300% over load 



100 + 300 
100 



(57.225 kW) = 229 kW 



Required motor capacity (85% efficient) 



Motor capacity = 



229 kW 
0.85 



= 269 kW 



◄ 
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PROBLEM 13.47 

It takes 15 s to raise a 1200-kg car and the supporting 300-kg hydraulic 
car-lift platform to a height of 2.8 m. Determine (a) the average output 
power delivered by the hydraulic pump to lift the system, ( b ) the average 
power electric required, knowing that the overall conversion efficiency 
from electric to mechanical power for the system is 82 percent. 



SOLUTION 

(a) 


(P p )a = (F)(v a ) = (m c + m L )(g)(v A ) 
v A = s/t = (2.8 m)/(15 s) = 0.18667 m/s 
(P p ) A = [(1200 kg) + (300 kg)] (9.81 m/s 2 )(0. 1 8667 m/s) 3 
(P P ) A = 2.747 kJ/s 


(P P ) A = 2.75 kW ◄ 


(b) 


(P E ) A = (Pp)hj = (2.75 kW)/(0.82) 


(P E ) A = 3.35 kW ◄ 
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PROBLEM 13.48 




The velocity of the lift of Problem 13.47 increases uniformly from zero to 
its maximum value at mid-height 7.5 s and then decreases uniformly to 
zero in 7.5 s. Knowing that the peak power output of the hydraulic pump is 
6 kW when the velocity is maximum, determine the maximum life force 
provided by the pump. 

PROBLEM 13.47 It takes 15 s to raise a 1200-kg car and the supporting 
300-kg hydraulic car-lift platform to a height of 2.8 m. Determine 
(a) the average output power delivered by the hydraulic pump to lift the 
system, (b) the average power electric required, knowing that the overall 
conversion efficiency from electric to mechanical power for the system is 
82 percent. 
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PROBLEM 13.49 



(a) A 120-lb woman rides a 15-lb bicycle up a 3-percent slope at a constant speed of 5 ft/s. How much power 
must be developed by the woman? ( b ) A 180-lb man on an 18-lb bicycle starts down the same slope and 
maintains a constant speed of 20 ft/s by braking. How much power is dissipated by the brakes? Ignore air 
resistance and rolling resistance. 




M (b) 
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PROBLEM 13.50 




A power specification formula is to be 
derived for electric motors which drive 
conveyor belts moving solid material at 
different rates to different heights and 
distances. Denoting the efficiency of the 
motors by 77 and neglecting the power 
needed to drive the belt itself, derive a 
formula (a) in the SI system of units for 
the power P in kW, in terms of the mass 
flow rate m in kg/h, the height b and 
horizontal distance l in meters, and (b) in 
U.S. customary units, for the power in 
hp, in terms of the material flow rate w 
in tons/h, and the height b and horizontal 
distance / in feet. 



SOLUTION 



(a) Material is lifted to a height b at a rate, (m kg/h)(g m/s 2 ) = [mg(N/h)] 



Thus, 



A U 
At 



[mg(N/h)][&(m)] 
(3600 s/h) 



' mgb 2 
v 3600 , 



N-m/s 



1000 N-m/s = 1 kW 



Thus, including motor efficiency, lj 



P( kw) = 



mgb (N-m/s) 



(3600) 



1000 N-m/s 
kW 



07) 



P(kW) = 0.278 xlO' 6 -^- ◄ 

1 



( b ) 



With tj, 



AU _ [W(tons/h)(2000 lb/ton)] [fr(ft)] 
Ar 3600 s/h 



Wb 

L8 



ft Tb/s; 



hp — 



Wb 

-(ft- lb/s) 
1.8 



lhp = 550 ft- lb/s 



1 hp 


T 


L 550 ft - lb/s _ 


ji 



hp 



I.OlO/ If) U7> 

n 



◄ 
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PROBLEM 13.51 




In an automobile drag race, the rear (drive) wheels of 
a 1000 kg car skid for the first 20 m and roll with sliding 
impending during the remaining 380 m. The front wheels of 
the car are just off the ground for the first 20 m, and for the 
remainder of the race 80 percent of the weight is on the rear 
wheels. Knowing that the coefficients of friction are 
jU s = 0.90 and ju k = 0.68, determine the power developed by 
the car at the drive wheels (a) at the end of the 20-m portion 
of the race, (b) at the end of the race: Give your answer in kW 
and in hp. Ignore the effect of air resistance and rolling 
friction. 



SOLUTION 



(a) First 20 m. (Calculate velocity at 20 m.) Force generated by rear wheels = jl k W , since car skids. 



Thus, F s = (0.68X1 000)(g) 

F s = (0.68X1000 kg)(9.81 m/s 2 ) = 6670.8 N 

Work and energy. 7] = 0, T 2 = — mv^ 0 = 500v 20 

7j + U x _ 2 = T 2 

U 1-2 = (20 m )(F S ) = (20 m)(6670.8 N) 

U x _ 2 = 133,420 J 



0 + 133,420 = 500v 2 2 0 



2 133,420 

20 ~~ 500 



266.83 



v 20 = 16.335 m/s 

Power = (F s )(v 20 ) = (6670.8 N)(16.335 m/s) 
Power = 108,970 J/s =108.97 kJ/s 



1 kJ/s = 1 kW 
1 hp = 0.7457 kW 



Power = 109.0 kJ/s = 109.0 kW ◄ 



Power = 



(109.0 kW) 
(0.7457 kW/hp) 



146.2 hp ◄ 
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PROBLEM 13.51 (Continued) 



( b ) End of race. (Calculate velocity at 400 m.) For remaining 380 m, with 80% of weight on rear wheels, 

the force generated at impending sliding is (// s )(0.80)(7ng) 

F, =(0.90)(0.80)(1000kg)(9.81 m/s 2 ) 

F, = 7063.2 N 

Work and energy, from 20 m (2) to 28 m (3) . 

v 2 = 16.335 m/s [from part (a)] 

T 2 =1(1000 kgX 16.335 m/s) 2 

T 2 = 133,420 J 



T i = ^ mv lm = 500v 



^380 



U 2_ 3 = (Fj )(380 m) = (7063.2 N)(380 m) 
U 2 _ 3 =2,684,000 J 



T 2 + ^ 2-3 _ ^3 



(133,420 J) + (2,684,000 J) = 500 v 2 0 



v 30 = 75.066 m/s 



Power = (F,)(v 3 0 ) = (7063.2 N)(75.066 m/s) 
= 530,200 J/s 



kW Power = 530, 200 J = 530 kW ◄ 

530 kW 



hp Power = 



(0.7457 kW/hp) 



= 7 1 1 hp ◄ 
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PROBLEM 13.52 



The frictional resistance of a ship is known to vary directly as the 1.75 power of the speed v of the ship. 
A single tugboat at full power can tow the ship at a constant speed of 4.5 km/h by exerting a constant force of 
300 kN. Determine (a) the power developed by the tugboat, (b) the maximum speed at which two tugboats, 
capable of delivering the same power, can tow the ship. 



SOLUTION 

(a) Power developed by tugboat at 4.5 km/h. 

v 0 = 4.5 km/h =1.25 m/s 
F 0 = 300 kN 

p 0 = F 0 v 0 = (300 kN)(1.25 m/s) 

(b) Maximum speed. 

Power required to tow ship at speed v: 



f ^ 


1.75 




f \ 


1.75 


/ \ 


V 




P = Fv = F 0 v 


V 


o 

&*,° 

II 


V 


v v oy 




v v oy 


v v 0/ 



P n = 375 kW ◄ 



Since we have two tugboats, the available power is twice maximum power F 0 v 0 developed by one 
tugboat. 



2^o v o — Vo 



— =2 v = v 0 (2) 1/2 - 75 = v 0 (1 .2867) 

V n 



Recalling that 



v 0 = 4.5 km/h 



v = (4.5 km/h)(1.2867) = 5.7902 km/h 



’ = 5.79 km/h ◄ 
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PROBLEM 13.53 

A train of total mass equal to 500 Mg starts from rest and accelerates uniformly to a speed of 90 km/h in 50 s. 
After reaching this speed, the train travels with a constant velocity. The track is horizontal and axle friction 
and rolling resistance result in a total force of 15 kN in a direction opposite to the direction of motion. 
Determine the power required as a function of time. 



SOLUTION 



Let F P be the driving force and F R be the resisting force due to axle friction and rolling resistance. 
Uniformly accelerated motion. ( t < 50 s): 



At 



v = v 0 + at v 0 = 0 

t = 50 s, v = 90 km/h = 25 m/s 

25 m/s = 0 + a(50) 
a = 0.5 m/s 2 
v = (0.5 m/s 2 )f 



Newton’s second law: 
where 



Power: 



Uniform motion. (t > 50 s): 



F p — F r - ma 

F r = 15 kN = 15xl0 3 N 
m = 500 Mg = 500xl0 3 kg 
a = 0.5 m/s 2 

Fp ~ F r + ma = 15xl0 3 +(500xl0 3 )(0.5) 
= 265xl0 3 N = 265 kN 

F P v = (265xl0 3 )(0.5f) 

(0 < 50s) 

a - 0 



Power: 



F P - F r - 15x10 3 N; v = 25 m/s 
F p v = (15x 10 3 )(25 m/s) = 375xl0 3 VL 



(t > 50 s) 



Power = (132.5 kW/s)t ◄ 



Power = 375 kW ◄ 
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PROBLEM 13.54 

The elevator E has a weight of 6600 lbs when fully loaded and is 
connected as shown to a counterweight W of weight of 2200 lb. 
Determine the power in hp delivered by the motor (a) when the elevator 
is moving down at a constant speed of 1 ft/s, ( b ) when it has an upward 
velocity of 1 ft/s and a deceleration of 0.18 ft/s 2 . 



SOLUTION 

(a) Acceleration = 0 

Counterweight 

fjw 

WvO 



A I 



Elevator 
ill 






Motor 

| T<s 



7 



I ^it Tc 

T iirrm 



VV 



w 



w c 



04 -| pt/s 



-T" 



h 



/ / r,sr ' 



+ ) EF y - 0: T w - W w = 0 



EF = 0: 2T C +T W - 6600 = 0 



T w = 2200 lb 



T c = 2200 lb 



Kinematics: 



(b) 



Counterweight 



2v £ = x c , 2i £ = x c , v c = 2v e = 2 ft/s 
P = r c -v c = (2200 lb)(2 ft/s) = 4400 lb • ft/s = 8.00 hp 

a E = 0.18 ft/s 2 f, v E = 1 ft/s { 

Elevator 



P = 8.00 hp ◄ 



T c 



Tw 





1 




1 — 




LLl> 




w 




— 


w 


iMwdfc, 


E 


= 





jj ft/s 

W=^X0 oib 



T 

\n £ =(o<oooU> 






i w 

Counterweight: + T EF = Ma : T w -W — — (a w ) 

g 
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PROBLEM 13.CQ2 


A B 
2 m\ 


Two small balls A and B with masses 2m and m respectively are released 


in ^ 


- from rest at a height h above the ground. Neglecting air resistance, which of 




the following statements are true when the two balls hit the ground? 


i 


' (a) The kinetic energy of A is the same as the kinetic energy of B. 




( b ) The kinetic energy of A is half the kinetic energy of B. 




(c) The kinetic energy of A is twice the kinetic energy of B. 




(d) The kinetic energy of A is four times the kinetic energy of B. 



SOLUTION 

Answer: (c) 
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PROBLEM 13.CQ3 



Block A is released from rest and slides down the frictionless ramp to 
the loop. The maximum height h of the loop is the same as the initial 
height of the block. Will A make it completely around the loop without 
losing contact with the track? 

(a) Yes 

(b) No 

(c) need more information 

SOLUTION 

Answer: ( b ) In order for A to not maintain contact with the track, the normal force must remain greater than 
zero, which requires a non-zero speed at the top of the loop. 
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PROBLEM 13.55 



A force P is slowly applied to a plate that is attached to two springs and causes a deflection x 0 . In each of the 
two cases shown, derive an expression for the constant k e , in terms of k l and k 2 , of the single spring 
equivalent to the given system, that is, of the single spring which will undergo the same deflection x 0 when 
subjected to the same force P. 



(a) ( b ) 
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PROBLEM 13.56 



<C] k 2 



A loaded railroad car of mass m is rolling at a constant 
velocity Vo when it couples with a massless bumper 
system. Determine the maximum deflection of the bumper 
assuming the two springs are ( a ) in series (as shown), 
( b ) in parallel. 



SOLUTION 

Let position A be at the beginning of contact and position B be at maximum deflection. 

'T' 1 2 

t a = 2 mv o 

V A - 0 (zero force in springs) 

T B - 0 ( v - 0 at maximum deflection) 

V B = —k x x [ + — k 2 x 2 

where X\ is deflection of spring k\ and X 2 is that of spring k 2 . 

Conservation of energy: T A +V A =T B + V B 

— mvl + 0 = 0 + — h x, 2 + — k 2 x 2 
2 2 2 

k x x \ + k 2 x 2 = mv o 

( a ) Springs are in series. 

Let F be the force carried by the two springs. 



Then, 

Eq. (1) becomes 
so that 



F F 

x, = — and x 2 - — 
1 k. ~ C 



r , 1 1 

F 1 = mv n 

k k 
V K 1 k 2 J 



r ,11 

F = v n m / 1 

1 Ui k 2 



The maximum deflection is S = x, + x 0 = 1 F 

k k 
V*1 k 2 J 

f i i] I f i r 

Ui k 2 J V y k\ k 2 



m 


n n 


J 


l k\ k 2 J 



5 = vjm(k x + k 2 )lk l k 2 A 
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PROBLEM 13.56 (Continued) 



(b) Springs are in parallel. 



Eq. (1) becomes 



x l = x 2 — 8 

(k x +k 2 )S 2 = tnvQ 



8 = V n 



m 



\k\+k 2 



◄ 
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PROBLEM 13.57 

A 600-g collar C may slide along a horizontal, semicircular rod 
ABD. The spring CE has an undeformed length of 250 mm and a 
spring constant of 135 N/m. Knowing that the collar is released 
from rest at A and neglecting friction, determine the speed of the 
collar (a) at B, (b) at D. 

Dimensions in mm 



SOLUTION 




First calculate the lengths of the spring when the collar is at positions A, B, and D. 




Z A = V' 440 2 + 300 2 + 1 80 2 =562.14 mm 
l B = \ll40 2 + 300 2 + 20 2 =384.71 mm 
l D =f 40 2 +300 2 +180 2 =352.14 mm 


The elongations of springs 


are given by e-l -l (] . 




e A =562.14-250 = 312.14 mm = 0.31214 m 
e B = 384.71-250 = 134.71 mm = 0.13471 m 
e D =352.14 -250 = 102.14 mm = 0.10214 m 


Potential energies: 


V=-ke 2 

2 




V A = 2.(135 N/m)(0. 31214 m) 2 = 6.5767 J 
V B =2(135 N/m)(0. 13471 m) 2 =1.2249 J 
V D = 2(135 N/m)(0.10214 m) 2 =0.7042 J 


Since the semicircular rod ABC is horizontal, there is no change in gravitational potential energy. 


Mass of collar: 


m = 600 g = 0.600 kg 


Kinetic energies: 


T a = 2 niv A = 0.300 v A = 0 
T b = 2 mv 2 B = 0.300 v B 
t d = \ mv D = °-300v 2 
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PROBLEM 13.58 

A 3-lb collar is attached to a spring and slides without friction 
along a circular rod in a horizontal plane. The spring has an 
undeformed length of 7 in. and a constant k - 1.5 lb/in. 
Knowing that the collar is in equilibrium at A and is given a 
slight push to get it moving, determine the velocity of the 
collar (a) as it passes through B. ( b ) as it passes through C. 
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PROBLEM 13.58 (Continued) 



(b) 



T a = 0, V A = 10.5625 lb ft, T c = ^ v 2 c 
V c = -i-(1.5)(l) 2 = 0.75 lb in. = 0.0625 lb ft 
t+V a = T r + V r : 0 + 10.5625 = — v r 2 + 0.0625 

a /i 32 2 



v c = 15.01 ft/s A 
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c 




6 in. 4« 6 in. 




PROBLEM 13.59 

A 3-lb collar C may slide without friction along a horizontal rod. 
It is attached to three springs, each of constant k — 2 lb/in. and 
6 in. undeformed length. Knowing that the collar is released from 
rest in the position shown, determine the maximum speed it will 
reach in the ensuing motion. 



SOLUTION 

Maximum velocity occurs at E where collar is passing through position of equilibrium. 

Position ® 

71=0 

Note: Undeformed length of springs is 6 in. = 0.5 ft. 



Spring AC: 


L = f \ ft) 2 + (0.5 ft) 2 = 1.1180 ft 




A = 1.1 180 -0.50 = 0.6180 ft 


Spring CD: 


L = 7(0.5 ft) 2 + (0.5 ft) 2 = 0.7071 1 ft 




A = 0.707 1 1 - 0.50 = 0.207 1 1 ft 


Spring BD: 


o 

II 

< 

o 

© 

II 


Potential energy. 


(k = 2 lb/in. = 24 lb/ft for each spring) 




ir-e> 



V, = X-M 2 =-k'LA 2 = -(24 lb/ft)[(0.6180 ft) 2 + (0.20711 ft) 2 +0] 
2 2 2 

V x =5.0983 lb ft 



Position 



m = — lb - = 0.093168 slug; T, = -mv\ = —(0.093168 slug) v 2 
32.2 ft/s 2 - 2 2 2 2 



Spring AC: 


L = 7(0.5 ft) 2 + (0.5 ft) 2 = 0.7071067 ft 




A = 0.7071 1-0.50 = 0.2071 1ft 


Spring CD: 


L = 0.50 ft 




A = 0 


Spring BC: 


L = 7(0.5 ft) 2 + (0.5 ft) 2 = 0.7071067 ft 




A = 0.707 1 1 - 0.50 = 0.207 1 1 ft 
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PROBLEM 13.60 

A 500-g collar can slide without friction on the curved rod BC in a 
horizontal plane. Knowing that the undeformed length of the spring 
is 80 mm and that k = 400 kN/m, determine (a) the velocity that the 
collar should be given at A to reach B with zero velocity, (b) the 
velocity of the collar when it eventually reaches C. 
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PROBLEM 13.60 (Continued) 



( b ) Velocity at C: 

Since slope at B is positive, the component of the spring force F P , parallel to the rod, causes the block 
to move back toward A. 



T b =0, V B — 2880 J [from part (a)] 



c 



1 2 (0-5 kg) 2 a 2 

T c = -mv c = v c = 0.25v, 

A L c = 0. 100 m - 0.080 m = 0.020 m 

V c = ^k(AL c ) 2 = ^(400xl0 3 N/m)(0.020 m) 2 =80.0 J 



Substitute into conservation of energy. 

T B +V B = T c+V c 0 + 2880 = 0.25 +80.0 
=11,200 m 2 /s 2 



v c = 105.8 m/s A 
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PROBLEM 13.61 

An elastic cord is stretched between two Points A and B, located 800 mm apart in 
the same horizontal plane. When stretched directly between A and B , the tension is 
40 N. The cord is then stretched as shown until its midpoint C has moved through 
300 mm to C'; a force of 240 N is required to hold the cord at C'. A 0. 1 kg pellet 
is placed at C', and the cord is released. Determine the speed of the pellet as it 
passes through C. 



SOLUTION 



Let l = undeformed length of cord. 
Position 1. Length AC'B - 1.0 m; 

f 

1F X = 0 : 2 

V 



Elongation = x x = 









- 240 N = 0 



1 . 0 -* 

F l = 200 N 




Position 2. Length ACB = 0.8 m; Elongation = x 2 = 0.8 - 1 
Given F 2 = 40 N 

F 1 = kx, F 2 - kx 2 

F l —F 2 =k(x l — x 2 ) 

200 -40 = Jfc[(1.0 - 1) - (0.8 - ()] = 0.2 k 

k = — = 800 N/m 
0.2 



A 






R. 




e l 
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PROBLEM 13.61 (Continued) 



Position ®: 
Position©: 



*1 = 



A 

k 



200 N 
800 N/m 



= 0.25 m 



x 



2 — 



h. 

k 



40 N 
800 N/m 



= 0.05 m 



T. = 0 V, = -kxf = -(800 N/m)(0.25 m) 2 = 25.0 N • m 
2 2 

m - 0.10 kg 

T 2 = i mv j (0. 1 kg) v 2 = 0.05 v 2 
V 2 =^kx 2 = ^(800 N/m)(0.05 m) 2 = 1 N • m 



Conservation of energy: 



T l+ V l =T 2 +V 2 

0 + 25.0 N-m = 0.05v 2 +1.0 N-m 

24.0 = 0.05v 2 v 2 - 21.909 m/s v 2 = 21.9 m/s A 

Note: The horizontal force applied at the midpoint of the cord is not proportional to the horizontal distance C'C. 
A solution based on the work of the horizontal force would be rather involved. 
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PROBLEM 13.62 

An elastic cable is to be designed for bungee jumping from a tower 
130 ft high. The specifications call for the cable to be 85 ft long 
when unstretched, and to stretch to a total length of 100 ft when a 
600-lb weight is attached to it and dropped from the tower. 
Determine (a) the required spring constant k of the cable, (I?) how 
close to the ground a 186-lb man will come if he uses this cable to 
jump from the tower. 



SOLUTION 

(a) Conservation of energy: 
Datum at © : 



( b ) From (a), 



Vj =0 7j= 0 Vj = 100VF 
V! = (100 ft)(600 lb) 

-CvinAt iu 



ri 



O 



CaOO lb 



Datum: 



v, =o r 2 = o 


85 ft 

(uMSTtertHetft 




T ,t x _ 


V 2 = + V, = 0 + (15 ft) 2 




i - @ 

Wsfaoolb 


7j + vj = r 2 + v 2 






0 + 6xl0 4 =0 + (112.5 )k 




1 


fe = 533 lb/ft ◄ 


k = 533 lb/ft 


7j = 0 


1 


© 


W =186 lb 


1 

85 ft 




YJ= lb 


Vj — (1 86)(1 30 — d} 


WMsrprniHefc} 


o 

ii 

E-C 


-Pf 


V 2 =V g +V e =0 + ^(533X130- 85 -d) 2 


tsratfTcH') 

d y 1© 

zrrrr ’ 



V 2 = (266.67)(45 -d) 2 
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PROBLEM 13.62 (Continued) 



d = distance from the ground T l +V 1 =T 2 + V 2 

0 + (186)(130 - d) = 0 + (266.67)(45 - d ) 2 
266.7 d 2 - 23815 d + 515827 = 0 

_ 238 15 + V(23815) 2 -4(266.7)(515827) _ 36.99 ft 
(2)(266.7) “ 52.3 ft 

Discard 52.3 ft (since the cord acts in compression when rebound occurs). 

d = 37.0 ft ◄ 
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PROBLEM 13.63 




It is shown in mechanics of materials that the stiffness of an elastic cable is k — AE/L 
where A is the cross sectional area of the cable, E is the modulus of elasticity and L is 
the length of the cable. A winch is lowering a 4000-lb piece of machinery using at a 
constant speed of 3ft/s when the winch suddenly stops. Knowing that the steel cable 
has a diameter of 0.4 in., E — 29 x 10 6 lb/in 2 , and when the winch stops L — 30 ft, 
determine the maximum downward displacement of the piece of machinery from the 
point it was when the winch stopped. 



SOLUTION 




Mass of machinery: 


W 4000 2 / r . 

m = — = = 1 24.22 lb • s /It 

8 32.2 


Let position 1 be the state just before the winch stops and the gravitational potential V g be equal to zero at this 
state. 


For the cable, 


A = —(diameter) 2 = —(0.4 in.) 2 = 0.12566 in 2 
4 4 




AE = (0.12556 in. 2 )(29xl 0 6 lb/in 2 ) = 3 .6442 x 1 0 6 lb 


For 


L = 30 ft, , = ^ = 3 .6442xl0 6lb = i2i 47xio3 ib/ ft 
L 30 ft 


Initial force in cable (equilibrium): 


F 1 =W = 4000 lb. 


Elongation in position 1 : 


x 1 = Fl = 4000 = 0.03293 ft 

k 121.47 x10 s 


Potential energy: 


Vj = — fct 2 = — 

1 2 1 2k 

(40001b) =65.860 ft lb 

(2)(12 1.47 x10 s lb/ft) 


Kinetic energy: 


rp 1 2 

1 , = — mv, 

1 2 1 

7j = 1(124.22 lb • s 2 /ft)(3 ft/s 2 ) = 558.99 ft • lb 
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PROBLEM 13.63 (Continued) 



Let position 2 be the position of maximum downward displacement. Let x 2 be the elongation in this position. 



Potential energy: 



Kinetic energy: 

Principle of work and energy: 



Maximum displacement: 



V 2 =-kxl~W(x 2 -x l ) 

V 2 =|(121.47xl0 3 )x 2 -(4000)(x 2 -0.03293) 

= 60.735 x 1 0 3 x 2 - 4000x 2 + 1 3 1 .72 
r 2 = 0 (since v 2 = 0) 

T\ +V t =T 2 +V 2 

558.99 + 65.860 = 60.735x10 3 x 2 - 4000x 2 + 131.72 
60.735 x 10 3 x 2 - 4000x 2 - 493. 13 = 0 
x 2 = 0.12887 ft 

8 - x 2 -Xj= 0.09594 ft 8- 1.151 in. 
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PROBLEM 13.64 

A 2 -kg collar is attached to a spring and slides without friction in 
a vertical plane along the curved rod ABC. The spring is 
undeformed when the collar is at C and its constant is 600 N/m. 
If the collar is released at A with no initial velocity, determine its 
velocity (a) as it passes through B, ( b ) as it reaches C. 



SOLUTION 




Spring elongations: 


At A, x A =250 mm -150 mm = 100 mm = 0.100 m 

At B, x B =200 mm -150 mm = 50 mm = 0.050 m 

At C, x c = 0 


Potential energies for springs. 


(V A ) e =^kxl =^(600)(0.100) 2 =3.00 J 

(V„)=-kxl=-( 600)(0.050) 2 = 0.75 J 
2 2 




(va=o 


Gravitational potential energies: Choose the datum at level AOC. 




(v A ),=(v c ) g =o 




(V B ) g = -mg y = -(2X9.81X0.200) = -3.924 J 


Kinetic energies: 


o 

ii 

K 5 




t b =\ mv l = i-°°'4 

T c = — mv^ = 1 .00 vy. 


(a) Velocity as the collar passes through B. 


Conservation of energy: 


Ta + V a =T b +V b 




0 + 3.00 + 0 = 1.00v2 + 0.75 -3.924 




Vg = 6. 174 m 2 /s 2 \ B - 2.48 m/s •* — M 
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PROBLEM 13.65 

A 1-kg collar can slide along the rod shown. It is attached to an 
elastic cord anchored at F, which has an undeformed length of 
250 mm and a spring constant of 75 N/m. Knowing that the 
collar is released from rest at A and neglecting friction, 
determine the speed of the collar (a) at B, (b) at E. 



SOLUTION 



(a) Speed at B: 
Point A: 



L AF =fo.5) 2 +(OA) 2 +(03) 2 
L af =0.70711 m 

L BF =fOA) 2 + (03) 2 
L bf = 0.5 m 

L F£ = V(0.5) 2 +(0.3) 2 
L fe = 0.58309 m 
V = V,+V g 

V A = °> T A = 0 




(V A )e = \ k^L AF ) 2 A L af = L af - = 0.7071 1-0.25 

AL af = 0.45711m 

(V A ) e = —(75 N/m)(0.457 1 1 m) 2 

(V A ) e = 7.8355 N-m 
(V A ) g = (mg)(0A) 

= (1.0 kg)(9.81 m/s 2 )(0.4 m) 

= 3.9240 N-m 

v A =<y A ) e +<y A ) g 

= 7.8355 + 3.9240 
= 11.7595 N-m 
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PROBLEM 13.65 (Continued) 



Point B: T B = ^mv 2 B = ^-(1.0 kg )v 2 B 

T b = 0.5 v 2 

(V B ) e =h(A L bf ) 2 AL bf =L bf -1^=05-0.25 

A L bf = 0.25 m 

(y B \ = ^(75 N/m)(0.25 m) 2 = 2.3438 N • m 

(V B ) g = (mg )(0.4) = (1.0 kg)(9.81 m/s 2 )(0.4 m) = 3.9240 N - m 
V B =(v B ) e + (V B ) g =2.3438 + 3.9240 = 6.2678 N-m 

t a +v a = t b +v b 

0 + 11.7595 = 0.5 v 2 +6.2678 
v 2 = (5.491 69)/(0.5) 

v 2 =10.983 m 2 /s 2 v B = 3.31 m/s A 

( b ) Speed at E: 

Point A: T A =0 V A = 1 1 .7595 N • m (from part (a)) 

Point E: 

t e = \ mv l = ^C 1 - 0 k g = 05\’l 
(V E ) e = X -k(AL FE ) 2 A L fe = L fe - Z,, = 0.5831 - 0.25 

AL fe =0.3331 m 

(V E ) e = i(75 N/m)(0.3331 m) 2 = 4.1607 N • m 
(V E ) g =0 =4.1607 N-m 

T a +V a =T e + V e 0 + 11.7595 = 0.5 v 2 +4.1607 
v 2 = 7.5988/0.5 

v 2 =15.1976 m 2 /s 2 v E = 3.90 m/s A 
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PROBLEM 13.66 

A thin circular rod is supported in a vertical plane by a bracket 
at A. Attached to the bracket and loosely wound around the rod is a 
spring of constant k — 3 lb/ft and undeformed length equal to the 
arc of circle AB. An 8-oz collar C, not attached to the spring, can 
slide without friction along the rod. Knowing that the collar is 
released from rest at an angle 0 with the vertical, determine 
(a) the smallest value of 6 for which the collar will pass through D 
and reach Point A, ( b ) the velocity of the collar as it reaches Point A. 
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PROBLEM 13.67 

The system shown is in equilibrium when (j) — 0. Knowing that 
initially (p = 90° and that block C is given a slight nudge when 
the system is in that position, determine the velocity of the block 
as it passes through the equilibrium position <p — 0. Neglect the 
weight of the rod. 

p/ 25 lb 

SOLUTION 

Find the unstretched length of the spring. 

6 = tan -1 — 

0.3 

= 1.3045 rad 
9 = 74.745° 

L bd =V( 1.1) 2 +.3 2 
L bd = 1.140 ft 

Equilibrium Y.M A = (0.3 )(F S sin 6) - (25)(2. 1) = 0 

p (25 lb)(2.1 ft) 

* (0.3 ft )(sin 74.745°) 

= 181.39 lb 
F s — kAL BD 

181.39 lb = (6001h/ft)(AL BD ) 

A L bd = 0.30232 ft 

Unstretched length L {) = L BD - A L BD 

Lq =1.140-0.3023 
= 0.83768 ft 

Spring elongation, AL' BD , when (/) - 90°. 

AL bd = (1.1 ft + 0.3 ft) — Zq 
AL bd =1.4 ft -0.8377 ft 
= 0.56232 ft 
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PROBLEM 13.67 (Continued) 



At®, (</> = 90°) 



Vj = 0, Tj = 0 

Vi = (ia + (Vi) s 

(Vj) e = ^(600 lb/ft)(0.5623 ft) 2 

(V l ) e = 94.86 lb -ft 
(Vi) g = -(25 lb)(2. 1 ft) = -52.5 ft • lb 
V, = 94.86 - 52.5 = 42.36 ft • lb 




At®, (0 = 0°) 



(V 2 ) e = -k(AL BD ) 2 = -(600 lb/ft)(0.3023 ft) 2 
(V 2 ) e = 27.42 lb -ft 



(^),=o 





= 27.42 ft • lb 



251b 

32.2 ft/s 2 y 



0.3882 v 2 2 



T l+ V^T 2 +V 2 
0 + 42.36 = 0.3882 v 2 2 + 27.42 
v 2 = (14.94 1)/(0.3882) 



v 2 =38.48 ft 2 /s 2 



v 2 = 6.20 ft/s 4 
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PROBLEM 13.68 

A spring is used to stop a 50-kg package which is moving down a 
20° incline. The spring has a constant k — 30 kN/m and is held by 
cables so that it is initially compressed 50 mm. Knowing that the 
velocity of the package is 2 m/s when it is 8 m from the spring and 
neglecting friction, determine the maximum additional deformation 
of the spring in bringing the package to rest. 



SOLUTION 




Let position 1 be the starting position 8 m from the end of the spring when it is compressed 50 mm by the 
cable. Let position 2 be the position of maximum compression. Let x be the additional compression of the 
spring. Use the principle of conservation of energy. T l +V l =T 2 +V 2 . 


Position 1: 


7] = —mvi = — (50)(2) 2 = 100 J 




V lg = mg\ = (50)(9.8 1)(8 sin 20°) = 1342.09 J 




y le =1^ =1(30 x10 3 X0.050) 2 = 37.5J 


Position 2: 


1 2 

T i =~ mv 2 =° since v 2 =0. 




V 2g =mgh 2 =( 50)(9.81)(-xsin20°) = -167.76x 




V 2e =^kej = ^- (30 x 1 0 3 )(0.05 + x) 2 = 37.5 + 1 500x + 1 5000x 2 


Principle of conservation of energy: 




100 + 1342.09 + 37.5 = -167.61x + 37.5 + 1500x + 15000x 2 
15, OOOx 2 + 1332.24x - 1442.09 = 0 


Solving for x. 


x — 0.26882 and -0.357 64 x — 0.269 m A 
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PROBLEM 13.69 



2 m/s 




Solve Problem 13.68 assuming the kinetic coefficient of friction between 
the package and the incline is 0.2. 

PROBLEM 13.68 A spring is used to stop a 50-kg package which is 
moving down a 20° incline. The spring has a constant k - 30 kN/m 
and is held by cables so that it is initially compressed 50 mm. Knowing 
that the velocity of the package is 2 m/s when it is 8 m from the spring 
and neglecting friction, determine the maximum additional deformation 
of the spring in bringing the package to rest. 



SOLUTION 



Let position 1 be the starting position 8 m from the end of the spring when it is compressed 50 mm by the 
cable. Let position 2 be the position of maximum compression. Let x be the additional compression of the 
spring. Use the principle of work and energy. T l +V l + U x ^ 2 = T 2 + V 2 



Position 1. 



Position 2. 



Work of the friction force. 



T x = — mv x = — (50)(2) 2 = 100 J 
V lg = mgh { = (50)(9.8 1)(8 sin 20°) = 1342.09 J 
U lc =1^2 =I(30xl0 3 )(0.05) 2 =37.5 J 

1 2 

T 2 =-mv 2 =0 since v 2 =0. 

V 2g = mgh 2 = (50)(9.81)(-vsin20 o ) = -167.76x 
V 2e =\kej = 2- (30 x 10 3 )(0.05 + xj 1 = 37.5 + 1500x + 15, OOOv 2 

+/ = 0 
N - mg cos 20° = 0 

N - mg cos 20° 

= (50X9.81) cos 20° 

= 460.92 N 
F f = Mk N 

= (0.2X460.92) 

= 92.184 
>2 = —Ffd 
= -92.1 84(8 + x) 

= -737.47 -92.184V 
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PROBLEM 13.70 

A section of track for a roller coaster consists of two circular 
arcs AB and CD joined by a straight portion BC. The radius of 
AB is 27 m and the radius of CD is 72 m. The car and its 
occupants, of total mass 250 kg, reach Point A with practically 
no velocity and then drop freely along the track. Determine the 
normal force exerted by the track on the car as the car reaches 
point B. Ignore air resistance and rolling resistance. 



SOLUTION 



Calculate the speed of the car as it reaches Point B using the principle of conservation of energy as the car 
travels from position A to position B. 

1 9 

Position A: v A = 0, T A = — mvj =0, V A -0 (datum) 

Position B: V B = —mgh 

where h is the decrease in elevation between A and B. 



Conservation of energy: 



Normal acceleration at B: 




T a +V a = T b+ V b : 

1 2 

0 + 0 = — mv B — mgh 
vl = 2 gh 

= (2)(9.81 m/s 2 )(27 m)(l-cos40°) 
= 123.94 m 2 /s 2 



, . v 2 123.94 m 2 /s 2 /2 

K )„ = — = — = 4-59 m/s- 

p 27 m 

(a B ) n = 4.59 m/s 2 T^50° 



Apply Newton’s second law to the car at B. 
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PROBLEM 13.71 

A section of track for a roller coaster consists of two circular arcs 
AB and CD joined by a straight portion BC. The radius of AB is 
27 m and the radius of CD is 72 m. The car and its occupants, of 
total mass 250 kg, reach Point A with practically no velocity and 
then drop freely along the track. Determine the maximum and 
minimum values of the normal force exerted by the track on the 
car as the car travels from A to D. Ignore air resistance and 
rolling resistance. 
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PROBLEM 13.71 (Continued) 



where p is the radius of curvature. ( p - 27 m) 



At Point A (0 = 0) 
At Point B (0 = 40°) 

Over portion BC, 

Over portion CD, 
and 



m a 2?ngp(l-cosd) 

N - mg cos 0 = mg (3 cos 0-2) 

P 

N a = mg = (250X9.81) = 2452.5 N 
N b = ( 2452.5X3 cos 40° -2) 



N b =731 N 



0 = 40°, a n - 0 (straight track) 

N bc - mg cos 40° = 2452.5 cos 40° 

N bc = 1879 N 

-K1-COS0) 

2 



mv 



a„ 



where r is the radius of curvature, (r = 72 m) 

N = mscost ,P=!HlL 



■ mg cos 0 + 2 mg 



f 



= mg 



3cos0-2 + 



h 

max 

r 

2h„ 



- 1 - cos 0 



V 



which is maximum at Point D, where 



1 + - 



2 h 



Data: 



Summary: 



N d = mg 



L, =27 + 18 = 45 m, r = 72m 



N d = (2452.5) 



1 + 



(2) (45) 
72 



= 5520 N 



minimum (just above B): 
maximum (at D): 



731 N ◄ 
5520 N ◄ 
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PROBLEM 13.72 

A 1-lb collar is attached to a spring and slides without friction along 
a circular rod in a vertical plane. The spring has an undeformed 
length of 5 in. and a constant k = 10 lb/ft. Knowing that the collar is 
released from being held at A determine the speed of the collar and 
the normal force between the collar and the rod as the collar passes 
through B. 



SOLUTION 

For the collar, 

For the spring, 
At A: 

At B: 



m = — = — = 0.03 1056 lb • s 2 /ft 
8 32.2 

£ = 10 lb/ft / n =5in. 



l A = 7 +5 + 5 = 17 in. 
f a — f o = 12 in. = 1 ft 

e B =yl( 7 + 5) 2 +5 2 =13 






in. 



Velocity of the collar at B. 

Use the principle of conservation of energy. 



Where 



t a +v a =t b +v b 



T A =-mv l A =0 



v A = ^k(e A -e 0 ? + w( 0 ) 

= ^(10)(1) 2 + 0 = 5 ft-lb 
T b = imv 2 = i (0.031 056) v 2 = 0.01 5528 v 2 



1 

2 



V B =^k(£ B -£ 0 ) 2 + Wh 



= -d0) 



+ ( 1 ) 



12 



= 1.80556 ft lb 



0 + 5 = 0.015528v 2 = 1.80556 
v 2 = 205.72 ft 2 /s 2 



v B = 14.34 ft/s ◄ 
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PROBLEM 13.73 

A 10-lb collar is attached to a spring and slides without 
friction along a fixed rod in a vertical plane. The spring 
has an undeformed length of 14 in. and a constant k — 4 
lb/in. Knowing that the collar is released from rest in the 
position shown, determine the force exerted by the rod on 
the collar at (a) Point A, ( b ) Point B. Both these points are 
on the curved portion of the rod. 



SOLUTION 

Mass of collar: m — — — = 0.31056 lb • s 2 /ft 

g 32.2 

Let position 1 be the initial position shown, and calculate the potential energies of the spring for positions 1, 
A, and B. l 0 = 14 in. 

/j = yj(l4+l4) 2 +(14) 2 =31.305 in. 
x, = Z, - 1 0 =31.305 - 14 = 17.305 in. 

(v ) = X -kx: = — (4)(17.305) 2 = 598.92 in • lb = 49.910 ft • lb 
2 2 

l A = f( 14) 2 +(14) 2 = 19.799 in. 
x A =l A -l 0 = 19.799 - 14 = 5.799 in. 

(V ) = Ifcc 2 = — (4)(5.799) 2 = 67.257 in • lb = 5.605 ft • lb 
2 2 

l B = 14 + 14 = 28 in. 

x B = l B - 1 0 = 28 - 14 = 14 in. 

(V B ) e =^kx 2 B = i(4)(14 ) 2 = 392 in • lb = 32.667 ft • lb 

Gravitational potential energies: Datum at level A. 

(V0, =0 (V A ) H =0 

(V B )g = Wy = (10 lb)(— 14 in.) = -140 in • lb = -1 1.667 ft • lb 
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PROBLEM 13.73 (Continued) 



Total potential energies: 



Kinetic energies: 



v = y +v 

e g 

v 1= 49.910 ft lb, V A =5.605 ft lb, V B = 21.0 ft • lb 



7] = 0 



T a = I mv 2 =1(0.3 1056) v 2 = 0.15528v A 
T b = i m v 2 = 1(0.31056) v 2 = 0.15528v 2 



Conservation of energy: 



Conservation of energy: 



T t +V t =T A +V A : 



0 + 49.910 = 0.15528 vi +5.605 



T\ + V\ = T B +V B 



0 + 49.910 = 0.15528V)) +21.0 



285.32 ft 2 /s 2 



v 2 =186.18 ft 2 /s 2 



Normal accelerations at A and B. a n - v 2 Ip 

/? = 14 in. = 1.16667 ft 



K)» = 

( °bXi ~ 



285.32 ft 2 /s 2 
1.16667 ft 

189.10 ft 2 /s 2 



Spring forces at A and B: 



1.16667 ft 

F - kx 

F a = (4 lb/in.)(5.799 in.) 
F b =(4 lb/in. )(14 in.) 



(a A )„ =244.56 ft/s 2 1 



(a B )„ =159.58 ft/s 2 



F, =23.196 lb ^45° 



F b =56.0 lb | 



To determine the forces (N A and N g ) exerted by the rod on the collar, apply Newton’s second law. 




(a) At Point A: 






Jl \F = m(a A ) n : 



-p- 



i>r 






W + N a - F a sin 45° = m(a A ) n 

10 + N a - 23.196sin 45° = (0.3 1056)(244.56) 




N A = 82.4 lb | ◄ 



(b) At Point B: 

ZF = m(a B ) n : 

N b = (0.31056X159.58) 



N„ =49.6 lb 
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PROBLEM 13.74 

An 8-oz package is projected upward with a velocity 
Vo by a spring at A; it moves around a frictionless 
loop and is deposited at C. For each of the two loops 
shown, determine (a) the smallest velocity Vo for 
which the package will reach C, (b) the corresponding 
force exerted by the package on the loop just before 
the package leaves the loop at C. 



SOLUTION 




(a) The smallest velocity at B will occur when the force exerted by the 
tube on the package is zero. 



ft 



i 



N-o 



□ 



ImQ 

<3 



W\ 



r 



,, Y.F — 0 + mg = 



mv. 



At A 



F a =0 



v% = rg = 1.5 ft(32.2 ft/s 2 ) 
v\ = 48.30 

T 1 2 

t a = -g mv o 



( 0 5 

8 oz = 0.5 lb => = — - = 0.01553 
1, 32.2 



At 5 Tg = — mv\ = —m (48.30) = 24.15 m 

V B = mg (7.5 + 1.5) = 9 mg = 9(0.5) = 4.5 lb -ft 
T a + V A = T b + V B : — (0.01553)vq = 24.15(0.01553) + 4.5 



Vq = 627.82 



v 0 = 25.056 



= 25.1 ft/s ◄ 



At C 

T c = i mv 2 c = 0.007765 v 2 c V c = 7.5 mg = 7.5(0.5) = 3.75 

T a + V A = T c + V c : 0.007765 vl = 0.007765 v 2 c + 3.75 
0.007765 (25.056) 2 - 3.75 = 0.007765v£ 



v z c = 144.87 
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PROBLEM 13.74 (Continued) 



(b) 







a 

r c ' 



0.5 



VncL 



: LF = ma N = 0.01553 



r 



(144.87) 

1.5 



Loop 2 



N = 1.49989 




{Package in tube} N c = 1.500 lb - — 4 
(a) At B , tube supports the package so, 

v n “ 0 

V B -0, T B -0 V B = mg {1.5 + 1.5) 

= 4.5 lb -ft 
+ V A - T b + V B 

^(0.01553)v| = 4.5 => v A = 24.073 



v A = 24.1 ft/s 4 

(b) At C T c = 0.007765vp, V c = 7.5 mg = 3.75 



T a + V A = T c + V c : 0.007765 (24.073) 2 = 0.007765v^. + 3.75 



v~c = 96.573 






t 

0.5 



A c = 0.01553 



lD = 



Ol CL 
96.573^ 



1.5 



= 0.99985 



{Package on tube} N c - 1.000 lb 4 
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PROBLEM 13.75 

If the package of Problem 13.74 is not to hit the 
horizontal surface at C with a speed greater than 10 ft/s, 
(a) show that this requirement can be satisfied only by 
the second loop, ( b ) determine the largest allowable 
initial velocity v 0 when the second loop is used. 



SOLUTION 




(a) Loop 1 

From Problem 13.74, at B 

r*° 

T 

mg -o-5 

v 2 = gr = 48.3 ft 2 /s 2 => v B = 6.9498 ft/s 
T b = ImvJ = ^(0.01553)(48.3) = 0.37505 
V B = mg (7.5 + 1.5) = (0.5)(9) = 4.5 lb -ft 
T c = i mv 2 c = i(0.01553)v^ = 0.007765v£ 

V c = 7.5 (0.5) = 3.75 lb ft 




T b + V B = T c + V c : 0.37505 + 4.5 = 0.007765v^. + 3.75 




( 2 ) 



v 2 = 144.887 => v c = 12.039 ft/s 
12.04 ft/s >10 ft/s => Loop (1) does not work A 

( b ) Loop 2 at A T A = ^iiivq = 0.007765vq 

^ = 0 

At C assume v c = 10 ft/s 

T c = imv 2 = 0.007765 (10) 2 = 0.7765 
v c = 7.5 (0.5) = 3.75 

T a + V a = T c + V c : 0.007765vq = 0.7765 + 3.75 

v 0 = 24.144 v 0 = 24.1 ft/s M 
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PROBLEM 13.76 




A (1) A (2) 



A small package of weight W is projected into a 
vertical return loop at A with a velocity Vo. The package 
travels without friction along a circle of radius r and is 
deposited on a horizontal surface at C. For each of the 
two loops shown, determine (a) the smallest velocity Vo 
for which the package will reach the horizontal surface 
at C, (b) the corresponding force exerted by the loop on 
the package as it passes Point B. 
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PROBLEM 13.77 (Continued) 



Eliminating v 2 from Eqs. (1) and (2), 



v 0 - gl sin# = 2g/(l + sin#) 



1 


r 2 

^L-2 


1 


(5) 2 


3 


gl 


_ 3 


(9.81X0.6) 



= 0.74912 



# = 48.5 14° 



From Eq. (1), 

x and v coordinates at position 2. 



v\ = (9.81X0.6) sin 48.5 14° = 4.4093 m 2 /s 2 
v 2 = 2.0998 m/s 



x 2 = 1 cos# = 0.6cos 48.514° = 0.39746 m 
y 2 =/ sin# = 0.6 sin 48.5 14° = 0.44947 m 



Let t 2 be the time when the ball is a position 2. 

Motion on the parabolic path. The horizontal motion is 



At Point B. 



The vertical motion is 



At Point B, 



x = — v 2 sin # = -2.0998 sin 48.514° 
= -1.5730 m/s 
x = x 2 - 1 .5730(f — t 2 ) 



x B =° 



0 = 0.39746 - 1.5730 (f B -t 2 ) t B -t 2 = 0.25267 s 



1 2 

y = y 2 +v 2 cos0(t-t 2 )--g(t-t 2 ) 

1 2 

y B = y2 + v 2 ™sO(tB-t 2 )--g(t B -t 2 ) 

y B = 0.44947 + (2.0998 cos 48.5 14°)(0.25267) 
- 2(9.8 1)(0.25267) 2 
= 0.48779 m 



y B = 0.448 m 4 
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PROBLEM 13.78* 




y 

R = 8 ft 



h 



Packages are moved from Point A on the upper floor of a warehouse to 
Point B on the lower floor, 12 ft directly below A, by means of a chute, 
the centerline of which is in the shape of a helix of vertical axis y and 
radius R = 8 ft. The cross section of the chute is to be banked in such a 
way that each package, after being released at A with no velocity, will 
slide along the centerline of the chute without ever touching its edges. 
Neglecting friction, (a) express as a function of the elevation y of a 
given Point P of the centerline the angle ([) formed by the normal to the 
surface of the chute at P and the principal normal of the centerline at 
that point, (b) determine the magnitude and direction of the force 
exerted by the chute on a 20-lb package as it reaches Point B. Hint: The 
principal normal to the helix at any Point P is horizontal and directed 
toward the y axis, and the radius of curvature of the helix is 
p=R[\ -{hllnRfl 
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PROBLEM 13.78* (Continued) 



The total normal force is the resultant of and N„„ it lies in the b-m plane, and forms angle 0 with 
m axis. 



Given: 



tan </> = N h /N n 



tan <p-W cos //, 



1 2 (w(h - y ) 



tan0 = (e/2 {h - y))cos / 3 



e = R 



1 + 



f h 
2 nR 



= /?(! + tan 2 //) = 



R 

cos 2 // 




£ 



Thus, 



or 

( b ) At Point B: 



tan 0 = ■ 



2 (h - y ) 



cos// = 



tan 0 = - 



8 ft 



R 

2 (h - y)cos// 
4.112 



2(12- y)cos 13.427° 12 -y 



cot </) = 0.243(12 -y) 4 



y — 0 for x, y, z axes, we write, with W — 20 lb, 

N x = N h sin p = IT cos ^ sin/? = (20 lb) cos 13. 427° sin 13. 427° N x =4.517 lb 
N y = N b cos P-W cos 2 P - (20 lb)cos 2 13.427° N y = 18.922 lb 



/V_ = -N„ = -2w — — — = -2W - h y 



R/c os” p 



N. = -2(20 lb) (12ft - 0) cos 2 13.427° /V_ 
8 ft 



= -56.765 lb 



N = 7(4.5 17) 2 + (18.922) 2 + (-56.765) 2 


N - 60.0 lb ◄ 


„ N x 4.517 

cos 0 y = = 

* N 60 


9 X =85.7° ◄ 


. N y 18.922 

cos 6 V - — - = 

y N 60 


0 y =71.6° ◄ 


. N, 56.742 

cos - — = = 

z N 60 


e z =i6i.i o ◄ 
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PROBLEM 13.79* 



Prove that a force F(x, y, z) is conservative if, and only if, the following relations are satisfied: 

dF^ = ff^ fF^ = dF^ dF : _ dF x 
dy dx dz dy dx dz 
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PROBLEM 13.80 



The force F = ( yzi + zxj + xyk )/xyz acts on the particle P(x,y,z ) which moves in space, (a) Using the 
relation derived in Problem 13.79, show that this force is a conservative force. ( b ) Determine the potential 
function associated with F. 
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y 






PROBLEM 13.81* 




B 


\ 

\ 


A force F acts on a particle P(x, y) which moves in the xy plane. 
Determine whether F is a conservative force and compute the work of F 
when P describes in a clockwise sense the path A, 5, C, A including the 
quarter circle x 2 + _y 2 = a 2 , if (a) F = kyi , (b) F = A ( vi + xj). 




\ a ^ 


l 




A 






X 



SOLUTION 



dF dF v 

(a) F x — ky F= 0 -^- = k -^- = 0 



Thus, 



dy 
dF r dF 



dx 



F is not conservative. 



dy dx 

U A bca = J F ' dr = J kyi ■ dy] +J kyi ■ (dx i + dy j) +J ky i • dx j 

ABCA 

r B 

— 0, F is perpendicular to the path. 

J A 

f kyi ■ (dx i + rfyj) = f ky dx 
J B ' J B 



From B to C, the path is a quarter circle with origin at A. 
Thus, x 2 + y 2 — a 2 



r 2 2 

y-yj a —x 



Along BC, 



J kydx =J ky/ a 2 - x 2 dx = ■ 

r A 

J kyi ■ dx] = 0 ( y - 0 on CA) 



U 



ABCA 



= r + f + r = ° + 



7tka 



+ 0 



{b) F x = ky F =kx 



* F -.=k 



dy 
dF, dF 



dx 



F is conservative. 



dy dx 

Since ABCA is a closed loop and F is conservative, 



U 



7rka~ 



ABCA 



U ABCA - 0 
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PROBLEM 13.82* 



The potential function associated with a force P in space is known 
to be V (x, y, z) = ~(x 2 + y 2 + z~ ) 1/2 . ( a ) Determine the x, y, and z 
components of P. ( b ) Calculate the work done by P from O to D by 
integrating along the path OABD, and show that it is equal to the 
negative of the change in potential from O to D. 
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PROBLEM 13.83* 




(a) Calculate the work done from D to O by the force P of 
Problem 13.82 by integrating along the diagonal of the cube, (b) Using 
the result obtained and the answer to part b of Problem 13.82, verify 
that the work done by a conservative force around the closed path 
OABDO is zero. 

PROBLEM 13.82 The potential function associated with a force P in 
space is known to be V(x, y, z) = — (x + y~ + z~) "■ (a) Determine the 
x, y, and z components of P. (b) Calculate the work done by P from O 
to D by integrating along the path OABD, and show that it is equal to 
the negative of the change in potential from O to D. 



SOLUTION 

From solution to (a) of Problem 13.82 

xi+yj+zk 

* / 2 . 2 . 2x1/2 

(x +y +Z ) 

(a) U OD = [ P dr 

J o 

r = xi + yj + zk 
dr = dx i + Jyj + dzk 
xi + yj + zk 
(x +y +z ) 



Along the diagonal. 


In? 

II 

Px 

II 

X 




Thus, 


P dr= 3 f n =S 




(3x 2 ) 1/2 

U o_d = [ V3 dx — \/3a 

J 0 


u od = 4 


(b) 


U OABDO ~ U OABD + U DO 




From Problem 13.82 


U OABD=J3 a atleft 






The work done from D to O along the diagonal is the negative of the work done from O to D. 



U no ~ U on ~ 



[see part (o)] 



Thus, 



U, 



OABDO 



= Sa - y/3 a = 0 
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PROBLEM 13.84* 



• • 2 2 2 3/2 

The force F = (xi + jj+ zk)/(x + y~ + z )' acts on the particle P(x, y, z) which moves in space, (a) Using 
the relations derived in Problem 13.79, prove that F is a conservative force, (b) Determine the potential 
function V(x, y, z) associated with F. 
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PROBLEM 13.85 

(a) Determine the kinetic energy per unit mass which a missile must have after being fired from the surface of 
the earth if it is to to reach an infinite distance from the earth. ( b ) What is the initial velocity of the missile 
(called the escape velocity )? Give your answers in SI units and show that the answer to part b is independent 
of the firing angle. 



SOLUTION 




At the surface of the earth, 


g = 9.81 m/s 2 




i\ — R — 6370 km = 6.37 xlO 6 m 


Centric force at the surface of the earth, 




GMm 

F = mg = 

R 2 




GM = gR 2 = (9.81)(6.37xl0 6 ) 2 =398.06xl0 12 m 3 /s 2 


Let position 1 be on the surface of the earth (r, = R) and position 2 be at r 2 = OD. Apply the conservation of 


energy principle. 


t i + v i=T 2 +V 2 

1 2 GMm 1 2 GMm 

— mVj = —mv 2 H 

2 6 2 r 2 

7 . , r GMm GMm 

T \~ T 2 + d 

A oo 

T x T 2 GM T 2 

-A = — + = -= + gR 

m m R m 


For the escape condition set 


^ = 0 
m 




— = gi? = (9.81 m/s 2 )(6.37xl0 6 m) = 62.49xl0 6 m 2 /s 2 
m 


(a) 


— = 62.5 MJ/kg ◄ 
m 




1 2 

2 mv esc = Sr 




*'esc =sl 2 M R 


(b) 


y esc =^/(2)(9.81)(6.37xl0 6 ) =11.18xl0 3 m/s v esc =11.18 km/s ◄ 


Note that the escape condition depends only on the speed in position 1 and is independent of the direction of 
the velocity (firing angle). 
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PROBLEM 13.86 

A satellite describes an elliptic orbit of minimum altitude 606 km 
above the surface of the earth. The semimajor and semiminor axes 
are 17,440 km and 13,950 km, respectively. Knowing that the speed 
of the satellite at Point C is 4.78 km/s, determine ( a ) the speed at 
Point A, the perigee, ( b ) the speed at Point 5, the apogee. 



17 440 km 



17 440 km 



SOLUTION 



r A — 6370 + 606 = 6976 km = 6.976 xlO 6 m 

r c = ^(17440 - 6976) 2 + (13950) 2 = 17438.4 km = 17.4384xl0 6 m 

r B = (2)(17440) - 6976 = 27904 km = 27.904x 10 6 m 
For earth, R - 6370 km = 6.37 xlO 6 m 



GM =gR 2 =(9.81 m/s 2 )(6.370xl0 6 ) 2 = 398.06xl0 12 m 3 /s 2 



v c = 4.78 km/s = 4780 m/s 



(a) Speed at Point A: Use conservation of energy. 



t a +v a=T C +V c 
GMm 1 



— mv A 
2 A 



GMm 



■ — mv r 



v A — v~ c + 2 GM 



1 1 



V r A V CJ 



= (4780)" + (2)(398.06x 10 12 ) 



1 



1 



6.976X10 6 17.4384X10 6 



= 91.318x10® m 2 /s 2 
V A =9.556 xlO 3 m/s 



v A = 9.56 km/s -4 
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PROBLEM 13.87 

While describing a circular orbit 200 mi above the earth a space vehicle launches a 6000-lb communications 
satellite. Determine (a) the additional energy required to place the satellite in a geosynchronous orbit at an 
altitude of 22,000 mi above the surface of the earth, (b) the energy required to place the satellite in the same 
orbit by launching it from the surface of the earth, excluding the energy needed to overcome air resistance. 
(A geosynchronous orbit is a circular orbit in which the satellite appears stationary with respect to the ground). 



SOLUTION 




Geosynchronous orbit 

r x = 3960 + 200 = 4160 mi = 21.965 x 10 6 ft 
r 2 = 3960 + 22,000 = 25,960 mi = 137.07 x 10 6 ft 



Total energy 



1 2 GMm 

E - T + V - —mv 

2 r 

M = mass of earth 
m = mass of satellite 



Newton’s second law F = rna„ 



GMm mv 1 



T 1 2 GM 

1 = — mv — m 

2 2 r 



V = 



r r 

GMm 



v 2 = 



GM 



_ „ 1 GMm GMm 1 GMm 

E - T + V = = 

2 r r 2 r 



GM = gRj 



r> 2 ' 
2 " r 



E = _I gR^n = _J _^eW_ where = mg) 



„ 1 (6000)(20.9088 x 10 6 ft) 2 

b, = 



1.3115x10 



18 



ft lb 



Geosynchronous orbit at r 2 = 137.07 x 10 6 ft 



e Gs = 



■ L3115X1 ° 18 = -9.5681X 10^ ft-lb 



137.07 x 10 6 



(a) At 200 mi, 



r x = 21.965 x10 s ft 



18 



^200 _ 



1.3115x10 
21.965 x10 s 



= -5.9709 x 10 



10 



A ^300 _ Eq s E 200 - 5.0141 x 10 



,10 



A E 3Q0 = 50.1 xlO 9 ft-lb ◄ 
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PROBLEM 13.88 



A lunar excursion module (LEM) was used in the Apollo moon-landing missions to save fuel by making it 
unnecessary to launch the entire Apollo spacecraft from the moon’s surface on its return trip to earth. Check 
the effectiveness of this approach by computing the energy per pound required for a spacecraft (as weighed on 
the earth) to escape the moon’s gravitational field if the spacecraft starts from (a) the moon’s surface, 
( b ) a circular orbit 50 mi above the moon’s surface. Neglect the effect of the earth’s gravitational field. (The 
radius of the moon is 1081 mi and its mass is 0.0123 times the mass of the earth.) 



SOLUTION 




Note: 


GM moon = 0.0123 GM earth 


By Eq. 12.30, 


G^moon= 0.0123 gRl 


At °o distance from moon: r 2 = oo. 


Assume v 2 = 0 




R *2 ~ + v 2 




_ 0 GM M m 

CO 




O 

1 

O 

II 




= 0 


(a) On surface of moon: 


R m =1081 mi = 5.7077 xio 6 ft 


o 

II 

B-h 

o 

II 


R e = 3960 mi = 20.909 xlO 6 ft 


y _ GM u m 
1 Rm 


E,=T t+ V,=0 ° m23sR ‘ m 
Rm 

_ (0.0123X32.2 ft/s 2 X20.909 xlO 6 ft) 2 m 
1 (5.7077 xlO 6 ft) 


We — Weight of LEM on the earth 




E l = (— 30.336xl0 6 ft 2 /s 2 )m m = — 

8 




r 30.336X10 6 ft2/ A 
^ 32.2 ft/s 2 ) 




A E = E 1 -E l 




= 0 + (942.1xl0 3 ft- lb/lb )W E 


Energy per pound: 


A F 

= 942xl0 3 ft • lb/lb ◄ 
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PROBLEM 13.88 (Continued) 



(b) 



t\ = R m + 50 mi 

jj =(1081 mi + 50 mi) = 1 131 mi = 5.9717xl0 6 ft 
Newton ’s second law: 



F = ma n : 



GM M m Vj 
— = m— 




i GMm \ 2 > 

v i = ?;=-mvi=-m 

rj 2 2 r x 

v _ GM M m 



E -T \ y- l GM M m GM M m 

1 1 1 /-N 

2 n n 



K= 



1 GM,,m 



'i 



1 0.0123 gRpn 

2 



'i 



__1 (0.0 123)(32.2 ft/s 2 )(20.909 x 10 6 ft) 2 m 
l ~ 2 5.9717 xl0 6 ft 



(1 4.498 x 1 0 6 ft 2 /s 2 )W, 



£i = 



E _ 



(32.2 ft/s 2 ) 



= 450.2 x 1 0 ft ■ Ib/lb W, 



AE = E 2 -E 1 = 0 + 450.2 xlO 3 ft • lb/lb W E 



Energy per pound: 



A F 

= 450xl0 3 ft - lb/lb ◄ 
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PROBLEM 13.89 

Knowing that the velocity of an experimental space probe 
fired from the earth has a magnitude v A = 32.5 Mm/h at 
Point A, determine the speed of the probe as it passes 
through Point B. 



SOLUTION 

r A = R + h A = 6370 + 4300 = 10740 km = 10.670x 10 6 m 
r B = 6370 + 1 2700 = 1 9070 km = 1 9.070 x 1 0 6 m 
GM = gR 2 = (9.81)(6.370xl0 6 ) 2 = 398.06xl0 12 m 3 /s 2 
v A = 32.5 Mm/h = 9.0278 x 10 3 m/s 




Use conservation of energy. 



T b +V b =T a +V a 



1 2 GMm 1 2 GMm 

-mvg = — mv A 

2 r B 2 r A 



v b =v~ a +2 GM 



r \ O 



= (9.0278 x 10 3 ) 2 + (2)(398.06 x 10 12 ) 



= 48.635 xlO 6 m 2 /s 2 



19.070xl0 6 10.670x10 s 



v B = 6.97x10 m/s 



= 25.1 Mm/h ◄ 
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R = 6370 km 



PROBLEM 13.90 



A spacecraft is describing a circular orbit at an altitude of 1500 km 
above the surface of the earth. As it passes through Point A, its speed is 
reduced by 40 percent and it enters an elliptic crash trajectory with the 
apogee at Point A. Neglecting air resistance, determine the speed of the 
spacecraft when it reaches the earth’s surface at Point B. 
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1500 km 






PROBLEM 13.91 

Observations show that a celestial body traveling at 1.2xl0 6 mi/h appears to be describing about Point B a 
circle of radius equal to 60 light years. Point B is suspected of being a very dense concentration of mass called 
a black hole. Determine the ratio M B /M S of the mass at B to the mass of the sun. (The mass of the sun is 
330,000 times the mass of the earth, and a light year is the distance traveled by light in one year at a velocity 
of 186,300 mi/s.) 



SOLUTION 




*5= l.2.x<O fe 1.74*10^ Pt/s 



\r= C,o Light 



One light year is the distance traveled by light in one year. 

Speed of light = 186,300 mi/s 

r = (60 yr)(186,300 mi/s)(5280 ft/mi)(365 days/yr)(24 h/day)(3600 s/h) 
r — 1.8612xl0 18 ft 



Newton ’s second law 



F __ GM B m 



= m- 



r 

2 



m b = 



rv 



,- F -A 

^ Ir 






Mb 



GM earth = SK 



earth 

= (32.2 ft/s 2 )(3960 mix5280 ft/mi) 2 
= 14.077 xl0 15 (ft 3 /s 2 ) 



M = 330, 000M F : GM -330,000 GM 



earth 



GM sua -(330,000)(14.077 xlO 15 ) 
- 4.645 xl0 21 ft 3 /s 2 



G = 



M b = 



4.645x10 



21 



M s . 



rv 



rv 2 M< 



->21 



Me 



G 4.645x10" 
(1.8612xl0 ls )(1.76xl0 6 ) 2 



4.645x10 



21 



Mb 



--1.241X10 9 ◄ 
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PROBLEM 13.92 



(a) Show that, by setting r-R + y in the right-hand member of Eq. (13. 17') and expanding that member in a 
power series in y/R. the expression in Eq. (13.16) for the potential energy V g due to gravity is a first-order 
approximation for the expression given in Eq. (13. 17'). ( b ) Using the same expansion, derive a second-order 
approximation for V g . 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 



643 










T 


PROBLEM 13.93 




r 


Collar A has a mass of 3 kg and is attached to a spring of constant 


o < 


1 


)B 1200 N/m and of undeformed length equal to 0.5 m. The system is 






set in motion with r - 0.3 m, v e = 2 m/s, and v r - 0. Neglecting the 




mass of the rod and the effect of friction, determine the radial and 




transverse components of the velocity of the collar when r — 0.6 m. 




7 









SOLUTION 



Let position 1 be the initial position. 



r x = 0.3 m 



(v r )i = 0, (,v 0 \ = 2 m/s, Vj = 2 m/s 



n _ 'i 



Let position 2 be when r — 0.6 m. 



= (0.3 - 0.5) = -0.2 m 



r, = 0.6 m 



v 2 =? 



(v r ) 2 =?. (y g ) 2 = % 

x 2 - r 2 - 1 0 - (0.6 - 0.5) = 0. 1 m 



Conservation of angular momentum: r l m(v e ) l =v 2 m(y g ) 2 



( V tf) 2 _ 



_ r l (v 0 ) l _ (0.3)(2) _ 



0.6 



= 1.000 m/s 



Conservation of energy: 7j + V , =T 2 + V 2 



1 2 . 1/2 1 2 . 1/2 
— mv, + —kx, —— mv, H — kx , 



k I 2 2 \ 

— Xj -x 2 

m \ / 



= (2) 2 + ~~~[(0-2) 2 - (0. 1) 2 ] = 
(v,.) 2 = v 2 - ( v e ) 2 =16-1 = 15 m 2 /s 2 



= 16 m 2 /s 2 



v, =±3.87 m/s 



v,. = ±3.87 m/s 4 
= 1 .000 m/s 4 
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PROBLEM 13.94 



Collar A has a mass of 3 kg and is attached to a spring of constant 
1200 N/m and of undeformed length equal to 0.5 m. The system is set 
in motion with r = 0.3 m, v e = 2 m/s, and v, = 0. Neglecting the mass 
of the rod and the effect of friction, determine (a) the maximum 
distance between the origin and the collar, ( b ) the corresponding 
speed. (Hint: Solve the equation obtained for r by trial and error.) 
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PROBLEM 13.94 (Continued) 



Solve for r m by trial and error. 



r J m ) 


0.5 


1.0 


0.8 


0.7 


0.72 


0.71 


/0;„) 


-27.8 


120.5 


24.8 


-4.9 


0.080 


-2.469 



r — 0.72 



(0.01)(0.08) 
2.467 + 0.08 



= 0.7197 m 



(a) Maximum distance. 

(b) Corresponding speed. 



( v 6>) 2 _ 



0.6 

0.7197 



= 0.8337 m/s 



( 02=0 



r m = 0.720 m ◄ 



v 2 = 0.834 m/s A 
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PROBLEM 13.95 

A 4-lb collar A and a 1.5 -lb collar B can slide without friction 
on a frame, consisting of the horizontal rod OE and the vertical 
rod CD, which is free to rotate about CD. The two collars are 
connected by a cord running over a pulley that is attached to 
the frame at O. At the instant shown, the velocity \ A of collar 
A has a magnitude of 6 ft/s and a stop prevents collar B from 
moving. If the stop is suddenly removed, determine (a) the 
velocity of collar A when it is 8 in. from O, (b) the velocity of 
collar A when collar B comes to rest. (Assume that collar B 
does not hit O, that collar A does not come off rod OE, and 
that the mass of the frame is negligible.) 



SOLUTION 



Masses: m, =—^— = 0.12422 lb- s 2 /ft 

A 32.2 

m K = — = 0.04658 lb - s 2 /ft 
B 32.2 

Constraint of the cord . Let r be the radial distance to the center of collar A and y be the distance that collar B 
moves up from its initial level, y = A r; y = v r 

(a) Let position 1 be the initial position just after the stop at B is removed and position 2 be when the collar 
is 8 in. (0.66667 ft) from O. 

rj = 4 in. = 0.33333 ft (v r ), =0 
r 2 — 8 in. = 0.66667 ft 
Ar = y 2 =8-4=4 in. = 0.33333 ft 

Potential energy: V t = 0, 



V 2 = W B y 2 = (1.5X0.33333) = 0.5 ft • lb 
Conservation of angular momentum of collar A: 

m A r [(y e \ =m A r 2 (y e ) 2 

hOx), _ (0.33333X6) 



( v e)i 



0.66667 



- = 3 ft/s 



Conservation of energy: 7j + Vj = 7j + V 2 



~m A [(v r ) 2 + (v e ) 2 ] + -m B y 2 =-m A [(v r ) 2 2 +(v 0 ) 2 2 ] + -m B y 2 +V 2 
| m A [0 + (v e ) 2 ] + 0 + 0 = ± m A [(v r )\ + <y g )\ ] + 1 m B (v r ) 2 2 +0.5 
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PROBLEM 13.95 (Continued) 



i(0.12422)(6) 2 =^(0.12422 )[(v,.)2 + (3) 2 ] + |(0.04658)(v,.)2 +0.5 
2.236 = 0.062 1 l(v r )\ + 0.559 + 0.02329(v r )\ + 0.5 



0.0854(v,.) 2 =1.177 
(v,.) 2 =13.78 ft 2 /s 2 



( b ) Let position 3 be when collar B comes to rest. 

y 3 = r 3 - 0.33333, (v,.) 3 =0, >>3=0 

Conservation of angular momentum of collar A. 

m A r i( v d\ = m A r 3 (v d ) 3 

, , _ n(v e \ _ (0.33333)(6) _ 2 

(. v 0>3 ~ ~ 

' 0 r 3 

Conservation of energy: T l +V l =T 3 + V 3 



(v r ) 2 = 3.71 ft/s ◄ 
(v g ) 2 - 3.00 ft/s A 
v = 4.77 ft/s ◄ 



1 



^m A [(v r )i +(v 0 )f] + ^m B y 2 =^m A [(v r ) 2 3 +(v 0 ) 3 ] + ^m B y$ + w B y 3 



^-(0.1 2422) [0 + (6) 2 ] + 0 = i (0. 1 2422) 



0 24844 

2.236= 3 +1 .5r 3 - 0.5 



1.5r 3 3 - 2.736r 3 2 + 0.24844 = 0 



0 + 



r 2^ 2 



V r 3 ) 



+ 0 + (1.5)(#3 — 0.33333) 



Solving the cubic equation for r 3 , 

r 3 = 1.7712 ft, -0.2805 ft, 0.33333 ft 
Since r 3 > r x = 0.33333 ft, the required root is 



r 3 =1.7712 ft 



Corresponding velocity of collar A: 



(y g ) 3 =—= 



r 3 1.7712 



(v r ) 3 =0 ◄ 

(v e ) 3 = 1.129 ft/s A 



= 1.129 ft/s ◄ 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permissiorM 

Anmed Kabil 






PROBLEM 13.96 

A 1.5-lb ball that can slide on a horizontal frictionless surface is attached to a 
fixed Point O by means of an elastic cord of constant k — 1 lb/in. and 
undeformed length 2 ft. The ball is placed at Point A, 3 ft from O, and given an 
initial velocity v 0 perpendicular to OA. Determine (a) the smallest allowable 
value of the initial speed v 0 if the cord is not to become slack, ( b ) the closest 
distance d that the ball will come to Point O if it is given half the initial speed 
found in part a. 



SOLUTION 



Let Li be the initial stretched length of the cord and A the length of the closest approach to Point O if the cord 
does not become slack. Let position 1 be the initial state and position 2 be that of closest approach to Point O. 
The only horizontal force acting on the ball is the conservative central force due to the elastic cord. At the point 
of closest approach the velocity of the ball is perpendicular to the cord. 

Conservation of angular momentum: t\m Vj = r 2 m v 2 

L[/n vQ — Loin v 2 or v^ 

T 2 + V 2 

\mv 2 2 + X -k{U - A,) 2 

[(A - A) 2 + (A - At) 2 ] 

m 

--[(A - At) 2 + (A - At) 2 ] 

m 

Data: At = 2 ft, A = 3 ft 



Conservation of energy: 



A + Vi = : 

\mv 2 + ik(A - At) 2 = ■ 



V, - V, = 



2 A 2 

v 0 ~J2 V 0 - 
L/ 2 



_ A y o 
' At 



(a) 



A = At = 2 ft for zero tension in the cord at the point of closest approach. 
k = 1 lb/in. = 12 lb/ft 
m = Wig = 1.5/32.2 = 0.04658 lb • s 2 /ft 



2 (3) 

Vo - 



12 



(2) 2 V ° 0.04658 



[(3 - 2) 2 + (2 - 2) 2 ] 



1.25 Vq = -257.6 



Vq = 206.1 ft 2 /s 2 



= 14.36 ft/s ◄ 
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PROBLEM 13.96 (Continued) 



1 2 

( b ) Let v 0 = (14.36 ft/s) = 7.18 ft/s" so that the cord is slack in the position of closest approach to Point O. 

Let position 1 be the initial position and position 2 be position of closest approach with the cord being 
slack. 



Conservation of energy: 



T\+V\ = T 2 + V 2 



\ mV 0 + - A )) 2 = \ mv 2 



vf = v 2 + —(L - Lo) 2 
m 

= (7.1 8) 2 + nn 12 _ (3 - 2) 2 = 309.17 ft 2 /s 2 



0.04658 

v 2 = 17.583 ft/s 

Conservation of angular momentum: 

i\m Vj = r 2 m v 2 sin (f* 

Vt Vi 



d = 



(3)(7.18) 

17.583 



d = 1.225 ft ◄ 
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PROBLEM 13.97 

A 1.5-lb ball that can slide on a horizontal frictionless surface is attached to a 
fixed Point O by means of an elastic cord of constant k = 1 lb/in. and undeformed 
length 2 ft. The ball is placed at Point A, 3 ft from O, and given an initial velocity 
Vq perpendicular to OA, allowing the ball to come within a distance d — 9 in. of 
Point O after the cord has become slack. Determine (a) the initial speed v 0 of the 
ball, ( b ) its maximum speed. 



SOLUTION 



Let L\ be the initial stretched length of the cord. Let position 1 be the initial position. Let position 2 be the 
position of closest approach to point after the cord has become slack. While the cord is slack there are no 
horizontal forces acting on the ball, so the velocity remains constant. While the cord is stretched, the only 
horizontal force acting on the ball is the conservative central force due to the elastic cord. At the point of 
closest approach the velocity of the ball is perpendicular to the radius vector. 



Conservation of angular momentum: 



Conservation of energy: 



Data: 



(a) 

( b ) Maximum speed. 



r l mv l = r 2 mv 2 
LyV^ — dv 2 



or 



A 



Vo = —V. 



T\ + V\ =T 2 +V 2 

imv 0 2 +^(Z 1 -Z fl ) 2 =Imv 2 2 + 0 

v o ~ v \ =-—(L\ - Aj ) 2 
m 



Vn - 



A 



A 






- — (A -A>) 

m 



A) = 2 ft, A = 3 ft, d = 9 in. = 0.75 ft 
k = 1 lb/in. = 12 lb/ft 
m = w/g = 1.5/32.2 = 0.04658 lb • s 2 /ft 



^ 3 v 0 
0.75 



12 (3- 2) 2 



0.04658 



-15vn =-257.6 



2 i„2 



Vq =17.17 fr/s 



= Vp 



3v’q 

0.75 



v 0 = 4.14 ft/s -4 
v m = 16.58 ft/s ◄ 
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PROBLEM 13.98 

Using the principles of conservation of energy and conservation of angular momentum, solve part a of Sample 
Problem 12.9. 



SOLUTION 



R = 6370 km 
r 0 = 500 km + 6370 km 
r 0 = 6870 km = 6.87xl0 6 m 
v 0 = 36,900 km/h 
_ 36.9xl0 6 m 
3.6x10 3 s 
= 10.25 xlO 3 m/s 




Conservation of angular momentum: 

r 0 mv 0 = r l mV A’ 



'0 'min’ '1 



Vy = 



( r > 

'0 




^ 6.870xl0 6 ^ 




v 0 = 




, r lJ 




l 6 J 



(10.25 xlO 3 ) 



70.418X10 9 

v a' ~ (!) 

'i 

Conservation of energy: 

Point A: 

v 0 = 10.25 xlO 3 m/s 

T a = Imv 0 2 = im(10.25xl0 3 ) 2 

T A =(m)( 52.53 xl0 6 )(J) 

_ GMm 

* A — 

r 0 

GM =gR 2 =(9.81 m/s 2 )(6.37 xlO 6 m) 2 
GM = 398xl0 12 m 3 /s 2 
r 0 = 6.87 xlO 6 m 

(398 xlO 13 m 3 /s 2 )?w 
(6.87xl0 6 m) 

= -57.93 x10 s m (J) 
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PROBLEM 13.99 

Solve sample Problem 13.8, assuming that the elastic cord is 
replaced by a central force F of magnitude (80/r 2 ) N directed 
toward O. 




PROBLEM 13.8 Skid marks on a drag racetrack indicate 
that the rear (drive) wheels of a car slip for the first 20 m of 
the 400-m track, (a) Knowing that the coefficient of kinetic 
friction is 0.60, determine the speed of the car at the end of 
the first 20-m portion of the track if it starts from rest and the 
front wheels are just off the ground, (b) What is the maximum 
theoretical speed for the car at the finish line if, after skidding 
for 20 m, it is driven without the wheels slipping for the 
remainder of the race? Assume that while the car is rolling 
without slipping, 60 percent of the weight of the car is on the 
rear wheels and the coefficient of static friction is 0.75. 
Ignore air resistance and rolling resistance. 



SOLUTION 

(a) 



The force exerted on the sphere passes through O. Angular momentum about O is conserved. 
Minimum velocity is at B, where the distance from O is maximum. 

Maximum velocity is at C, where distance from O is minimum. 



r A mv A sin 60° = r m rnv m 



(0.5 m)(0.6 kg)(20 m/s) sin 60° = r m (0.6 kg)v„. 

8.66 




Conservation of energy: 




At Point A, 


T a = Lmv\ = ^(0.6 kg)(20 m/s) 2 = 120 J 
V = [ Fdr = f ^ dr = — , 




J J p 




V A = _8 ° = 160 J 
A 0.5 


At Point B, 


Tb = T mv m = t( 0-6 kg)v 2 = 0.3v 2 
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PROBLEM 13.100 

A spacecraft is describing an elliptic orbit of minimum 
altitude h A — 2400 km and maximum altitude h B = 9600 km 
above the surface of the earth. Determine the speed of the 
spacecraft at A. 



SOLUTION 



Conservation of momentum: 



r A = 6370 km + 2400 km 
r A = 8770 km 
r B = 6370 km + 9600 km 
= 15,970 km 

r A mV A = r B mV B 






I*- ^ 









8770 

15,970 



v A = 0.5492v a 



(1) 



Conservation of energy: 



T 1 2 

T A=~ mV A 



v A = 



—GMm 



T 1 2 
T B=- mv n 



V B = 



—GMm 



GM =gR 2 =(9.81 m/s 2 )(6370xl0 3 m) 2 = 398.1xl0 12 m 3 /s 2 
-(398.1xl0 1 V = _ 45 39xl06m 
8770 xlO 3 

T , -(398.1xl0 12 )m n , 

V B = - - ^ ^ ^ ^ — — — = -24.93 m 



(15,970x10 ) 



T a +V a =T b +V b : 



^ rfv 2 A -45.39 xlO 6 / = ^/v 2 -24.93 xlO 6 , 



(2) 



Substituting for v B in (2) from (1) 



v^[l - (0.5492) 2 ] = 40.92xl0 6 

v 2 = 58.59 xl0 6 m 2 /s 2 



v A = 7.65 x Hr m/s 



= 27.6 xlO 3 km/h ◄ 
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PROBLEM 13.101 

While describing a circular orbit, 185 mi above the surface of the 
earth, a space shuttle ejects at Point A an inertial upper stage (IUS) 
carrying a communication satellite to be placed in a geosynchronous 
orbit (see Problem 13.87) at an altitude of 22,230 mi above the 
surface of the earth. Determine (a) the velocity of the IUS relative 
to the shuttle after its engine has been fired at A, ( b ) the increase in 
velocity required at B to plae the satellite in its final orbit. 



SOLUTION 



For earth, R = 3960 mi = 20.909 xlO 6 ft 

g = 32.2 ft 2 

GM = gR 2 = (32.2)(20.909 x 10 6 ) 2 = 14.077xl0 15 ft 3 /s 2 



Speed on a circular orbits of radius r, r A , and r B . 



F = ma n 
GMm mv 2 



2 _ GM 
r 




r A — 3960 + 185 = 4145 mi = 21.886x 10 b ft 



(v A > 



14.077x10 5 , , , 

- 25.362 xlO 3 ft/s 



A drc v 21.886xl0 6 



r B = 3960 + 22230 = 26190 mi = 138.283xl0 b ft 



45 



(y B ). 



B 'circ 



14.077x10 =1QQ89xlQ 3 ft/s 
' 138.283xl0 6 



Calculate speeds at A and B for path AB. 

Conservation of angular momentum: mr A v A sin (p A = mr B v B sin (j) A 



r A v A sin90° _ 21.886xl0 6 v A 
r B sin 90° _ 138.283xl0 6 



0.15816 
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PROBLEM 13.101 (Continued) 



Conservation of energy: 



t a +v a =t b+ v b 



1 2 GMm 1 2 GMm 

-mv A + = ~mv B 



■ v B = 2 GM 



1 1 



2 GM(r B -r A ) 



' b) 



r A r, 



A'B 



2 m ,cor, \2 (2)(14.077 x10 15 )(1 16.397 x 10 s ) 

v A -(0.15816V,) = 2 t — 

(21.886xl0 6 )(138.283xl0 6 ) 

0.97499v~ =1.082796 xlO 9 

v A = 33.325 xlO 3 ft/s 

v B = (0.1581 6)(33.325 x 10 6 ) = 5.27 1 x 10 3 ft/s 

(a) Increase in speed at A: 

Av a = 33.325xl0 3 - 25.362xl0 3 = 7.963xl0 3 ft/s Av a = 7960 ft/s ◄ 

(b) Increase in speed at B: 

Av b = 10.089xl0 3 - 5.271xl0 3 = 4.818xl0 3 ft/s Av^ = 4820 ft/s ◄ 
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115 x 10 3 mi !83 X 10 3 mi PROBLEM 13.102 




A spacecraft approaching the planet Saturn reaches Point A with a 
velocity \ A of magnitude 68.8 xlO 3 ft/s. It is to be placed in an elliptic 
orbit about Saturn so that it will be able to periodically examine Tethys, 
one of Saturn’s moons. Tethys is in a circular orbit of radius 1 83 x 1() 3 mi 
about the center of Saturn, traveling at a speed of 37.2 xlO 3 ft/s. 
Determine (a) the decrease in speed required by the spacecraft at A to 
achieve the desired orbit, ( b ) the speed of the spacecraft when it reaches 
the orbit of Tethys at B. 
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PROBLEM 13.102 (Continued) 



Point B: 



7 ’ z 

B = 2 mV B 



t a +v a =t b+ v h - 



y _ -GM s . dt m 



V B =1.384x10" 



(1.337x10 ft Is )m 
(966.2 x10 s ft) 



^-/v A - 2.202 xio 9 / = ^-/v 2 -1.384xl0 9 / 



v A -v| = 1.636xl0 9 



Conservation of angular momentum: 



r A mV A = 



A > 

V R = — V, = 



607.2x10 

966.2x10 



6~ v 'a = 0.6284 



v; 2 [1-(0.6284) 2 ] = 1.636x10 9 
v A = 52,005 ft/s 



(a) Av a = v A - v A = 68,800 - 52,005 

(b) v B =—v' A = (0.6284)(52,005) 

r R 



Av a = 16,795 ft/s ◄ 
v B =32,700ft/s ◄ 
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350 X 10 3 km 100xl0 3 km 
\ , /, 




PROBLEM 13.103 

A spacecraft traveling along a parabolic path toward the planet Jupiter 
is expected to reach Point A with a velocity \ A of magnitude 26.9 km/s. 
Its engines will then be fired to slow it down, placing it into an elliptic 
orbit which will bring it to within 100 x 10 3 km of Jupiter. Determine the 
decrease in speed Av at Point A which will place the spacecraft into the 
required orbit. The mass of Jupiter is 319 times the mass of the earth. 



SOLUTION 

Conservation of energy. 

Point A: 

T A =^m(v A - Av a ) 2 
,, -GM ,m 

r A 

GM j -319GM E = 319gJ?£ 

R e = 6.37 x10 s m 

GM , = (319X9.81 m/s 2 )(6.37xl0 6 m) 2 
GM, = 126.98 xl0 15 m 3 /s 2 
r A = 350 xlO 6 m 

_ -(126.98 xl0 15 m 3 /s 2 )m 
(350xl0 6 m) 

V A =-(362.8x10 6 )m 

Point B: 




T 1 2 
T B=- mV B 

,, -GM ,m 

v B = — 



-(126.98 xlO 15 m 3 /s 2 )m 



(1 00x10“ m) 



=-(1269.8x10 b )m 

t a +v a =t b+ v b 



-m(v A -Av a ) 2 - 362.8 xl0 s m = -mv 2 -1269.8xl0 6 m 



(v a -Av a ) 2 -v 2 = -1814x10 s 



( 1 ) 
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PROBLEM 13.103 (Continued) 



Conservation of angular momentum. 



r A =350x10 m 
r B - lOOx 10 6 m 



r A m (v a ~ Av a ) = r B mv B 



(v a ~Av a ) 



^350\ A A 

— |(v a -Av a ) 



v 



100 



Substitute v B in (2) into (1) 

(v A - Av a ) 2 [1-(3.5) 2 ] = -1814x 10 6 
(v A - Av a ) 2 = 161.24xl0 6 
(v A - Av a ) = +12.698xl0 3 m/s 
(Take positive root; negative root reverses flight direction.) 

v A = 26.9 x 10 3 m/s (given) 

Av a = (26.9 xlO 3 m/s- 12.698 xlO 3 m/s) 



(2) 



Av a = 14.20 km/s A 
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Transfer 




PROBLEM 13.104 

As a first approximation to the analysis of a space flight from the 
earth to Mars, it is assumed that the orbits of the earth and Mars are 
circular and coplanar. The mean distances from the sun to the earth 
and to Mars are 149.6 x 10 6 km and 227.8 x 10 6 km, respectively. 
To place the spacecraft into an elliptical transfer orbit at Point A, its 
speed is increased over a short interval of time to v A which is faster 
than the earth’s orbital speed. When the spacecraft reaches Point B on 
the elliptical transfer orbit, its speed v B is increased to the orbital 
speed of Mars. Knowing that the mass of the sun is 332.8 x 10 3 
times the mass of the earth, determine the increase in velocity required 
(a) at A, ( b ) at B. 



SOLUTION 

M = mass of the sun 



Circular orbits 



GM = 332.8 (10) 3 (9.8 1 m/s 2 )(6. 37 x 10 6 m) 2 = 1. 3247(1 0) 20 m 3 /s 2 



Earth v F = j — ^ = 29.758 m/s 

V 149 - 6 ( 10 ) 



Mars v M 



GM 

227.8C10) 9 



24.1 15 m/s 



Conservation of angular momentum 

Elliptical orbit v A (149.6) = v /; (227.8) 



Conservation of energy 

1 2 _ GM _ 1 2 _ GM 
2 Va 149.6(1 0) 9 ~~ 2 ' B 227.8C10) 9 



v 



A 



(227.8) 

(149.6) 



1. 52273 v B 



1 „ coo ^2..2 1.3247(10) 20 _ 1 . , 1.3247(10) 20 

\-l • Vd (, Y D 

2 149.6C10) 9 2 227.8(10) 9 



0. 65935 vj = 3.0398C10) 8 
v 2 = 4.6 102(1 0) 8 

v B = 21,471 m/s, v A = 32,695 m/s 

( a ) Increase at A, v A - v E — 32.695 - 29.758 = 2.94 km/s ^ 

( b ) Increase at B, v B - v M = 24.1 15 - 21.471 = 2.64 km/s M 
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PROBLEM 13.105 

The optimal way of transferring a space vehicle from an inner circular 
orbit to an outer coplanar circular orbit is to fire its engines as it passes 
through A to increase its speed and place it in an elliptic transfer orbit. 
Another increase in speed as it passes through B will place it in the 
desired circular orbit. For a vehicle in a circular orbit about the earth at 
an altitude /?, = 200 mi, which is to be transferred to a circular orbit 
at an altitude = 500 mi, determine (a) the required increases in speed 
at A and at B , (b) the total energy per unit mass required to execute the 
transfer. 



SOLUTION 




Elliptical orbit between A and B 
Conservation of angular momentum 



mr A v A = mr B v B 



7.170 
6.690 ' 



r A = 6370 km + 320 km = 6690 km, r A = 6.690 x 10 m 



v A = 1.0718v g 



( 1 ) 



r R = 6370 km + 800 km = 7170 km, r n = 7.170 x 10 6 m 



R = (6370 km) = 6.37 x 10 6 m 



Conservation of energy 

GM = gR 2 = (9.81 m/s 2 )(6.37 x 10 6 m) 2 = 398.060 x 10 12 m 3 /s 2 
Point A: 




Point B : 




GMm _ (398.060 xl0 12 )m 

A ~~ r A ~ (6.690 x 10 6 ) 

V A = 59.501 xl0 6 m 



GMm __ (398.060x10 12 )m 
r B ~ (7.170 xlO 6 ) 



V B = 55.5 x 10 6 m 
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6370 km 



PROBLEM 13.106 

During a flyby of the earth, the velocity of a spacecraft is 10.4 km/s as it 
reaches its minimum altitude of 990 km above the surface at Point A. At Point B 
the spacecraft is observed to have an altitude of 8350 km. Determine ( a ) the 
magnitude of the velocity at Point B, {b) the angle (j) B . 



SOLUTION 



At A: 



At B: 



(a) 



h = vr = [1.04(10) 4 m/s] [6.37(1 Of m + 0.990(1 0) 6 m] 



h = 76.544(10) 9 m 2 /s 



1 , t 7 \ 1 2 GM 

— ( T A+V A ) = 7 1 ' 

m 2 r 



= — [1.04(10) 4 ] 2 (9 - 81) l 6 - 37(10)6]2 6 , 0 

2 [6.37(1 0) 6 + 0.990(1 0) 6 ] 



(Parabolic orbit) 



1 (T ^ v . _ 1 2 GM 

(Tb + - ~Z V B _ 0 

m 2 r B 



J_ 2 _ (9.81)[6.37(10 6 )] 2 

2 Vb ~ [6.37(1 0) 6 + 8.35(1 0) 6 ] 

v 2 = 54.084(1 0) 6 



v B = 7.35 km/s A 



h B = v B sin (/) B r B = 76.544(10) 9 
. 76.544(10) 9 

Sin®„ = 7 -7 7- 

7.35(10 6 )[6.37(10) 6 + 8.35(10) 6 ] 

= 0.707483 

( b ) (/) B = 45.0° ◄ 
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PROBLEM 13.107 

A space platform is in a circular orbit about the earth at an altitude of 
300 km. As the platform passes through A, a rocket carrying a 
communications satellite is launched from the platform with a 
relative velocity of magnitude 3.44 km/s in a direction tangent to the 
orbit of the platform. This was intended to place the rocket in an 
elliptic transfer orbit bringing it to Point B, where the rocket would 
again be fired to place the satellite in a geosynchronous orbit of 
radius 42,140 km. After launching, it was discovered that the relative 
velocity imparted to the rocket was too large. Determine the angle y 
at which the rocket will cross the intended orbit at Point C. 



SOLUTION 

R = 6370 km 
r A = 6370 km + 300 km 
r A = 6.67 xlO 6 m 
r c = 42.14xl0 6 m 
GM = gR 2 

GM =(9.81 m/s)(6.37xl0 6 m) 2 
GM =398.1xl0 12 m 3 /s 2 



For any circular orbit: 



mv 

F„ = ma„ = 22 l 



F„ = 



GMm 



mv 



v ■ 

circ 






Velocity at A: 



(y A )circ 



GM _ (398.1x10 m /s ) 
r A (6.67 xlO 6 m) 



= 7.726 xlO 3 m/s 



v A — (v A ) circ + (v^ )^ — 7.726 x 10 2 + 3.44 x 10 3 —11.1 65 x 10 2 m/s 
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PROBLEM 13.107 (Continued) 



Velocity at C: 
Conservation of energy: 



Ta+Va=T c + V c 

2 r. 2 



v 2 c =v 2 a +2GM 



1 1 



= (1 1 . 165 x 10 3 ) 2 +2(398. lxlO 12 ) 



1 



1 



42.14xl0 6 6.67 xlO 6 



6 

,6 m 2 ,2 



V 2 = 124.67 xl0°- 100.48 xlO° 



= 24.19x10° m /s 
v c = 4.919xl0 3 m/s 



Conservation of angular momentum: 



r A mv A — r c mv c cos y 



cos y- 



i'iV 



A V A 



(6.67 x 10 6 )(11. 165 xlO 3 ) 
(42.14 x10 6 )(4.919x10 3 ) 



cos y- 0.35926 



7=68.9° ◄ 
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PROBLEM 13.108 

A satellite is projected into space with a velocity Vo at a distance ro from the 
center of the earth by the last stage of its launching rocket. The velocity Vo 
was designed to send the satellite into a circular orbit of radius r 0 . However, 
owing to a malfunction of control, the satellite is not projected horizontally 
but at an angle a with the horizontal and, as a result, is propelled into an 
elliptic orbit. Determine the maximum and minimum values of the distance 
from the center of the earth to the satellite. 



SOLUTION 




For circular orbit of radius r, 



o 

F = ma n 
2 GM 



GMm v’n 




But v 0 forms an angle a with the intended circular path. 
For elliptic orbit. 

Conservation of angular momentum: 



r Q mv 0 cos a = r A mv A 



f 



\ 



'o 

—coset 



J 



Conservation of energy: 

1 2 GMm 1 2 GMm 



■ = —mv A -- 
2 A 



2 2 
V 0 - 



Substitute for v, from(l) 



2 GM 



( r ^ 

1-^ 





( \ 


2 


1- 




cos 2 a 




Ja) 





2 GM 



But 



GM 



1-21 

V r Aj 



( „ > 



cos a 



f \ 


2 


( \ 




<N 

1 




Sa) 




JA; 



thus 1 - 



+ 1 = 0 



Y 


f 




cos 2 a - 2 


1- 


r 

Z<L 


) 


V 


by 



(1) 
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PROBLEM 13.109 

Upon the LEM’s return to the command module, the Apollo spacecraft of 
Problem 13.88 was turned around so that the LEM faced to the rear. The 
LEM was then cast adrift with a velocity of 200 m/s relative to the command 
module. Determine the magnitude and direction (angle <j) formed with the 
vertical OC) of the velocity vc of the LEM just before it crashed at C on the 
moon’s surface. 



SOLUTION 

Command module in circular orbit 

r B =1740 + 140 = 1880 km = 1.88xl0 6 m 
GM mooa = 0.0123 GM earth = 0.0123 gR 2 

= 0.0123(9.81)(6.37xl0 6 ) 2 = 4.896xl0 12 m 3 /s 2 







Va = 



GMm 



4.896x10 
' 1.88x10 s 



,12 



v 0 = 1614 m/s 



v B =1614- 200 = 1414 m/s 




Conservation of energy between B and C: 

GMm 



1 2 GM m rn 1 2 

-mi’s = ~mv c ■ 



r c =R 



2 GMm 



— — 1 
R 



2 , (4.896 xl0 12 m 3 /s 2 ) 

= (1414 m/s) 2 + 2 



(1.88x10 m) 



1.88x10 s 

1.74x10 s 



v 2 c = 1.999x10 s +0.4191X10 6 = 2.418xl0 s m 2 /s 2 



v c = 1555 m/s A 



Conservation of angular momentum: 
r B mv B = Rmv c sin0 

sin t = Ml = (L88X 10’’m)(l414ni/s) = „ 98249 
r c v c (1.74x10 s m)(1555 m/s) 

0 = 79.26° 



<p = 193° ◄ 
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225 mi 



PROBLEM 13.110 



A space vehicle is in a circular orbit at an altitude of 225 mi above the 
earth. To return to earth, it decreases its speed as it passes through A by 
firing its engine for a short interval of time in a direction opposite to the 
direction of its motion. Knowing that the velocity of the space vehicle 
should form an angle (j) B = 60° with the vertical as it reaches Point B at 
an altitude of 40 mi, determine (a) the required speed of the vehicle as 
it leaves its circular orbit at A, ( b ) its speed at Point B. 



R = 3960 mi 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 



distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission^ 

Anmed Kabil 






PROBLEM 13.110 (Continued) 




Conservation of angular momentum: 




r A mv a =r B mv B sin </> B 

(r A )v A _ 4185 ( 1 V 

B (r B )(sin0 B ) 4000 v sin 60° J A 




v B = 1 .208 v A 


(2) 


Substitute v B from (2) in (1) 




v\ =(1.208v 4 ) 2 -58.94x10 6 
v a [(1.208) 2 -1] = 58.94xl0 6 

v 2 a = 128.27 xl0 6 ft 2 /s 2 




(a) 


v A = 11.32 xlO 3 ft/s ◄ 


(b) From (2) 




v B =1.208v a 

= 1.208(1 1.32x10 s ) 
= 13.68xl0 3 ft/s 


v B =13.68xl0 3 ft/s ◄ 



PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 



distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are using it without permission. 

Ahmed Kabil 





PROBLEM 13.111* 

In Problem 13.110, the speed of the space vehicle was decreased as it passed through A by firing its engine in 
a direction opposite to the direction of motion. An alternative strategy for taking the space vehicle out of its 
circular orbit would be to turn it around so that its engine would point away from the earth and then give it an 
incremental velocity A\ a toward the center O of the earth. This would likely require a smaller expenditure of 
energy when firing the engine at A, but might result in too fast a descent at B. Assuming this strategy is used 
with only 50 percent of the energy expenditure used in Problem 13.109, determine the resulting values of tf> B 
and v B . 



SOLUTION 



r A = 3960 mi + 225 mi 
r A = 4185 mi = 22.097 xlO 6 ft 
r B = 3960 mi + 40 mi = 4000 mi 
r B = 21.120 x10 s ft 

GM = gR 2 = (32.2 ft/s 2 )[(3960)(5280) ft 2 ] 
GM = 14.077 xl0 15 ft 3 /s 2 
Velocity in circular orbit at 225 m altitude: 




w\ L 




Newton ’s second law 



Energy expenditure: 
From Problem 13.110, 

Energy, 



F — ma„ 



GMm m(v A ), 



A 'circ 



(Vcirc 



GM 



15 



14.077x10 
I 22.097 xlO 6 



= 25.24xl0 3 ft/s 



AEiog 

AE 109 

AE109 

A^iio 



= 11. 32 xlO 3 ft/s 

1 , > 2 1 2 

= -m(v A ) a r C --mv A 

= ^ m(25 .24 x 1 0 3 ) 2 - i m(l 1 . 32 x 1 0 3 ) 2 
= 254.46x10 s m ft -lb 



= (0.50)A E m = 



(254.46 x10 s m) c „ 

it • lb 

2 
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PROBLEM 13.111* (Continued) 



Thus, additional kinetic energy at A is 

1 



,2 (254.46x10 m) 



m( Av a ) =AE no =- 



ft - lb 



( 1 ) 



Conservation of energy between A and B: 



T A =^m[(y A ) l cnc +(Av A ) z \ V A = 



-GMm 



rjl ^ 2 

T B=~ mV H 



v B = 



-GMm 



t a +v a = t b +v b 



1 , 03 x 2 254.46xl0 6 m 14.077 x10 15 ot 1 2 14.077xl0 15 /w 

— m(25. 24x10 ) + — = —mvi — 



22.097x10° 



21.120x10° 



v 2 b = 637.06X10 6 + 254.46X10 6 -1274.1X10 6 +1333X10 6 
v 2 b = 950.4 xlO 3 



v B =30.88 xlO 3 ft/s ◄ 



Conservation of angular momentum between A and B: 

r A m (v A ) circ = r B mV B sin 0B 



sini9 R = 



( r ^ 

'A 



(v A )circ _ (4185) (25. 24 xlO 3 ) 



(v B ) (4000) (30.88X10 3 ) 



= 0.8565 



= 58.9° ◄ 
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PROBLEM 13.113 

Show that the total energy E of an earth satellite of mass m 
describing an elliptic orbit is E- -GMm/(r A + r P ), where M is 
the mass of the earth, and r A and r P represent, respectively, 
the maximum and minimum distances of the orbit to the center 
of the earth. (Recall that the gravitational potential energy of a 
satellite was defined as being zero at an infinite distance from 
the earth.) 
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PROBLEM 13.114* 

A space probe describes a circular orbit of radius nR with a velocity Vo about a planet of radius R and center O. 
Show that (a) in order for the probe to leave its orbit and hit the planet at an angle 6 with the vertical, its 
velocity must be reduced to ay o, where 



a = sin 0 



2(72-1) 

72 2 - sin 2 6 



( b ) the probe will not hit the planet if a is larger than ^2/(1 + n). 
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PROBLEM 13.114* (Continued) 



For any circular orbit. 



Newton ’s second law 



a„ =- 



—GMm ni(v) c 



GM 



For r = nR, 

Substitute for vo in (3) 



a 



a 



1 - 



sin 2 6 




or 







GM 




v o = 


V = 
circ ^ 


nR 




2 2 

n a 


fGAO 


2 GjX 




sin 2 6 


l nX J 


X 




= 2(1 -n) 






_ 2(1 -/ 2 )(sin 2 0) _ 2(72- 


■l)sin 2 0 


(sin 2 


6 — 72 2 ) 


( 77 2 - 


-sin 2 6) 


= sin ej 


2(72-1) 

77 2 - sin 2 0 


Q.E.D. 



( b ) Probe will just miss the planet if 0 > 90°, 

a- sin90 c 



2(n -1) 
n 2 - sin 2 90° 



n + 1 




Note: 



n 2 -l = (n-l)(n + l) 
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PROBLEM 13.115 

A missile is fired from the ground with an initial velocity v 0 forming an angle (i 0 with the vertical. If the 
missile is to reach a maximum altitude equal to aR, where R is the radius of the earth, (a) show that the 
required angle <p 0 is defined by the relation 



sin (/> =(\ + a). 



a 

1 + a 



A V 



where v esc is the escape velocity, (b) determine the range of allowable values of v 0 . 
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PROBLEM 13.116 




B 



A spacecraft of mass m describes a circular orbit of radius r x around 
the earth, (a) Show that the additional energy A E which must be 
imparted to the spacecraft to transfer it to a circular orbit of larger 
radius r 2 is 



AR _ GMm(r 2 - 1 ] ) 

2r l r 2 

where M is the mass of the earth, (b) Further show that if the transfer 
from one circular orbit to the other is executed by placing the 
spacecraft on a transitional semielliptic path AB, the amounts of 
energy A E A and A E B which must be imparted at A and B are, 
respectively, proportional to r 2 and r x : 



r 2 

A E a = — —A E 
>\ + r 2 



A E b = ^ A E 

>\ + r 2 



SOLUTION 

(a) For a circular orbit of radius r 

_ GMm v 2 

F — ma n : — — = m — 
r r 

2 _ GM 



,, I 2 GMm 1 GMm 

E-T + V- —mv = 

2 r 2 r 




( 1 ) 



Thus AE required to pass from circular orbit of radius r x to circular orbit of radius r 2 is 



(b) 



A „ 1 GMm 1 GMm 

A E = E X -E, = + 

2 r, 2 



A E = 



GMm(r 2 —r x ) 



lr x r 2 



Q.E.D. 



(2) 



For an elliptic orbit, we recall Equation (3) derived in 
Problem 13.113 (with v p = v, ) 

2 2 Gm r-, 

vf = 

0| +r 2 ) r x 
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PROBLEM 13.116 (Continued) 



At Point A: Initially spacecraft is in a circular orbit of radius r v 

2 _ GM 



'i 

1 2 1 GM 

T chc = - mV c,rc = ~ m 

2 2 



After the spacecraft engines are fired and it is placed on a semi -elliptic path AB, we recall 



Vi = 



2GM r. 



(n+r 2 ) r x 



and 



1 



1 2 GMr, 



71 = —mvt = — m- 

2 2 ^(jj+Tj) 



At Point A, the increase in energy is 



AE a = t x -T ckc =-m 



1 2GMr 0 1 GM 



m - 



AE a = 



2 r 1 (r 1 +r 2 ) 2 r x 

GMm(2r 1 — r x — r, ) GMm(r 2 — r x ) 



A7? a =- 



2r 1 (r 1 + r 2 ) 



GMm(r 2 — 1 \ ) 



2r 1 (r 1 + r 2 ) 



2rp 



Recall Equation (2): 



A£ a = 



('i +^ 2 ) 



-A E 



A similar derivation at Point B yields, 



Q.E.D. 



A E b = 



(>] + h) 



-A E 



Q.E.D. 
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PROBLEM 13.117* 

Using the answers obtained in Problem 13.108, show that the intended circular orbit and the resulting elliptic 
orbit intersect at the ends of the minor axis of the elliptic orbit. 

PROBLEM 13.108 A satellite is projected into space with a velocity Vo at a distance ro from the center of the 
earth by the last stage of its launching rocket. The velocity v 0 was designed to send the satellite into a circular 
orbit of radius r 0 . However, owing to a malfunction of control, the satellite is not projected horizontally but at 
an angle a with the horizontal and, as a result, is propelled into an elliptic orbit. Determine the maximum and 
minimum values of the distance from the center of the earth to the satellite. 
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PROBLEM 13.118* 

(a) Express in terms of r mm and v max the angular momentum per unit mass, h, and the total energy per unit 
mass, Elm, of a space vehicle moving under the gravitational attraction of a planet of mass M (Figure 13.15). 

( b ) Eliminating v max between the equations obtained, derive the formula 



GM 



1 + J1 + 



2 E{ 



GM 



(c) Show that the eccentricity eof the trajectory of the vehicle can be expressed as 



L 2 E f h 
£ = .11 + 



m 



GM 



id) Further show that the trajectory of the vehicle is a hyperbola, an ellipse, or a parabola, depending on 
whether E is positive, negative, or zero. 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 







PROBLEM 13.118* (Continued) 



Solving the quadratic: 
Rearranging 



r min h ]j{ k J k 



1 

r 

min 



GM 



, , 2£f /z 

1 + A In 



m 



GM 



(c) Eccentricity of the trajectory: 
1 GM 



Eq. (12.39') 



(1 + fCOS 0) 



r h l 

When 0-0, cos 0-1 and r = r 



Thus, 



1 GM n ^ 

— = -rr(l + f ) 



r /p 

min 



Comparing (3) and (4), 



£- . 1 + 



2E 



m 



GM 



( d ) Recalling discussion in section 12.12 and in view of Eq. (5) 

1 . Hyperbola if e > 1, that is, if E > 0 

2. Parabola if £ = 1, that is, if E = 0 

3. Ellipse if £ < 1, that is, if E < 0 
Note: For circular orbit £ - 0 and 



1 + - 



2 E 



f h v 






f GM V m 


— =° 


or 


e =-\ 





{GM ) 






{ h ) 2 



but for circular orbit 



GM 



and 



h 1 — v 2 r° = GMr, 



thus 



p 1 (GM) Z 

E m 

2 GMr 



1 GMm 

2 r 



( 3 ) ◄ 



(4) 

(5) 



◄ 

◄ 

◄ 
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PROBLEM 13.CQ4 

A large insect impacts the front windshield of a sports car traveling down a road. Which of the following 
statements is true during the collision? 

(a) The car exerts a greater force on the insect than the insect exerts on the car. 

( b ) The insect exerts a greater force on the car than the car exerts on the insect. 

(c) The car exerts a force on the insect, but the insect does not exert a force on the car. 

(d) The car exerts the same force on the insect as the insect exerts on the car. 

(. e ) Neither exerts a force on the other; the insect gets smashed simply because it gets in the way of the car. 



SOLUTION 

Answer: ( d ) This is Newton’s 3rd Law. 
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v .\ 


V A 


PROBLEM 13.CQ5 


— ► — 


bl‘WW y Wkl 


The expected damages associated with two types of perfectly plastic collisions are to 


Case 1 




be compared. In the first case, two identical cars traveling at the same speed impact 
each other head on. In the second case, the car impacts a massive concrete wall. In 






which case would you expect the car to be more damaged? 


(235 




(a) Case 1 

( b ) Case 2 


Case 2 




(c) The same damage in each case 



SOLUTION 

Answer: (c) In both cases the car will come to a complete stop, so the applied impulse will be the same. 
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PROBLEM 13. FI 

The initial velocity of the block in position A is 30 ft/s. The coefficient 
of kinetic friction between the block and the plane is ju k — 0.30. Draw 
impulse-momentum diagrams that could be used to determine the time 
it takes for the block to reach B with zero velocity, if 6 - 20°. 



SOLUTION 




Answer: 




\1 


mg! *(* 

'ft mv ~ 0 


mv. - 

0 "* < 


'A u ft* r d — V 

\ ntNt 


] 


Mt\ 
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PROBLEM 13.F2 

A 4-lb collar which can slide on a frictionless vertical rod is acted upon 
by a force P which varies in magnitude as shown. Knowing that the 
collar is initially at rest, draw impulse-momentum diagrams that could 
be used to determine its velocity at t— 3 s. 

? 3 Us) 
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PROBLEM 13.F3 



16 in 

’ Y 



The 15-kg suitcase A has been propped up against one end 
of a 40-kg luggage carrier B and is prevented from sliding 
down by other luggage. When the luggage is unloaded and 
the last heavy trunk is removed from the carrier, the 
suitcase is free to slide down, causing the 40-kg carrier to 
move to the left with a velocity v B of magnitude 0.8 m/s. 
Neglecting friction, draw impulse-momentum diagrams 
that could be used to determine (a) the velocity of A as it 
rolls on the carrier and ( b ) the velocity of the carrier after the 
suitcase hits the right side of the carrier without bouncing 
back. 
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PROBLEM 13.F4 

Car A was traveling west at a speed of 15 m/s and car B was traveling north 
at an unknown speed when they slammed into each other at an intersection. 
Upon investigation it was found that after the crash the two cars got stuck 
and skidded off at an angle of 50° north of east. Knowing the masses of A 
and B are m A and m B respectively, draw impulse-momentum diagrams that 
could be used to determine the velocity of B before impact. 
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h 


B' 


PROBLEM 13.F5 






Two identical spheres A and B , each of mass m, are attached to an 
inextensible inelastic cord of length L and are resting at a distance a from 


/ 




L 


, V ° 


each other on a frictionless horizontal surface. Sphere B is given a velocity 
Vo in a direction perpendicular to line AB and moves it without friction until it 
reaches B' where the cord becomes taut. Draw impulse-momentum diagrams 
that could be used to determine the magnitude of the velocity of each sphere 






> 


immediately after the cord has become taut. 
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PROBLEM 13.119 



A 35,000 Mg ocean liner has an initial velocity of 4 km/h. Neglecting the frictional resistance of the water, 
determine the time required to bring the liner to rest by using a single tugboat which exerts a constant force of 
150 kN. 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 







PROBLEM 13.120 

A 2500-lb automobile is moving at a speed of 60 mi/h when the brakes are fully applied, causing all four 
wheels to skid. Determine the time required to stop the automobile (a) on dry pavement (/Uu = 0.75), (b) on an 
icy road (/J^ — 0. 10). 
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PROBLEM 13.121 



A sailboat weighing 980 lb with its occupants is running down 
wind at 8 mi/h when its spinnaker is raised to increase its speed. 
Determine the net force provided by the spinnaker over the 10-s 
interval that it takes for the boat to reach a speed of 12 mi/h. 
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PROBLEM 13.122 

A truck is hauling a 300-kg log out of a ditch using a 
winch attached to the back of the truck. Knowing the 
winch applies a constant force of 2500 N and the 
coefficient of kinetic friction between the ground and 
the log is 0.45, determine the time for the log to reach a 
speed of 0.5m/s. 
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PROBLEM 13.123 




A truck is traveling down a road with a 3 -percent grade at a 
speed of 55 mi/h when the brakes are applied. Knowing the 
coefficients of friction between the load and the flatbed trailer 
shown are ju s = 0.40 and /4 = 0.35, determine the shortest 
time in which the rig can be brought to a stop if the load is not 
to shift. 




PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 
you are Using it without permission. 

Ahmed” Kabil 







PROBLEM 13.124 

Steep safety ramps are built beside mountain highways to enable 
vehicles with defective brakes to stop. A 10-ton truck enters a 15° ramp 
at a high speed v 0 = 108 ft/s and travels for 6 s before its speed is 
reduced to 36 ft/s. Assuming constant deceleration, determine (a) the 
magnitude of the braking force, ( b ) the additional time required for the 
truck to stop. Neglect air resistance and rolling resistance. 



SOLUTION 










^0 




W = 20,000 lb 




IS 








A 


^3 




20,000 1101 , 2 „ 

m = = 621.118 lb s“/ft 

32.2 








Momentum in the x direction 




^ 


'T' 




x : mv 0 - (F + /7jgsinl5°)t = mv l 






\ 




621.118(108) - (F + n?gsinl5°)6 


= (621.118X36) 






F + ;?jgsinl5° 


= 7453.4 






(a) 


F = 7453.4 - 20,000 sinl5° = 2277 lb 










F = 2280 lb ◄ 






(b) 


mv o — (F + mg sinl5°)t = 0 


t — total time 








621.118(108) -7453.4r = 0; 


t- 9.00 s 








Additional time = 9-6 


t = 3.00 s ◄ 
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PROBLEM 13.125 

Baggage on the floor of the baggage car of a high-speed train is not prevented from moving other than by 
friction. The train is travelling down a 5 percent grade when it decreases its speed at a constant rate from 
120 mi/h to 60 mi/h in a time interval of 12 s. Determine the smallest allowable value of the coefficient of 
static friction between a trunk and the floor of the baggage car if the trunk is not to slide. 
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PROBLEM 13.126 



A 2 -kg particle is acted upon by the force, expressed in newtons, F = (8 — 6/ji + (4 - f 2 ) j + (4 + 1) k. Knowing 
that the velocity of the particle is v = (150 m/s)i + (100 m/s)j - (250 m/s)k at t - 0. determine (a) the time at 
which the velocity of the particle is parallel to the yz plane, (b) the corresponding velocity of the particle. 
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PROBLEM 13.127 

A truck is traveling down a road with a 4-percent grade at a speed of 60 mi/h when its brakes are applied to 
slow it down to 20 mi/h. An antiskid braking system limits the braking force to a value at which the wheels of 
the truck are just about to slide. Knowing that the coefficient of static friction between the road and the wheels 
is 0.60, determine the shortest time needed for the truck to slow down. 
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PROBLEM 13.128 




Skid marks on a drag race track indicate that the rear (drive) 
wheels of a car slip for the first 20 m of the 400-m track. 
(a) Knowing that the coefficient of kinetic friction is 0.60, 
determine the shortest possible time for the car to travel the 
initial 20-m portion of the track if it starts from rest with its 
front wheels just off the ground. ( b ) Determine the minimum 
time for the car to run the whole race if, after skidding for 20 m, 
the wheels roll without sliding for the remainder of the race. 
Assume for the rolling portion of the race that 65 percent of the 
weight is on the rear wheels and that the coefficient of static 
friction is 0.85. Ignore air resistance and rolling resistance. 



SOLUTION 



(a) 



First 20 m 

Velocity at 20 m . Rear wheels skid to generate the maximum force resulting in maximum velocity and 
minimum time since all the weight is on the rear wheel: This force is F — ju k N — 0.60 VO. 

Work and energy . T Q + U 0 _ 20 = T 20 

T 0 —0 0-20 = (F)(20) T 20 = — mv 20 

1 9 

0 + /A ( 20 ) = — m v 20 

v 2 2 0 = (2)(0.60)(20 m)(9.81 m/s 2 ) 



v 20 = 15.344 m/s 



Impulse-momentum . 




15.344 m/s 
(0.60X9.81 m/s 2 ) 



^ 0-20 — 2.61 s M 
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30 mi/h 

40 tons 50 tons 40 tons 

ABC 




PROBLEM 13.129 

The subway train shown is traveling at a speed of 30 mi/h 
when the brakes are fully applied on the wheels of cars B and 
C, causing them to slide on the track, but are not applied on the 
wheels of car A. Knowing that the coefficient of kinetic 
friction is 0.35 between the wheels and the track, determine 
(a) the time required to bring the train to a stop, (b) the force in 
each coupling. 



SOLUTION 

Weights of cars: 

Masses of cars: 

For each car the normal force (upward) is equal in magnitude to the weight of the car. 

N a = N c = 80,000 lb N b = 100,000 lb 



IV, = W r = 80,000 lb, W B = 100,000 lb 



m A = m c = 2484 lb • s 2 /ft, m B = 3106 lb • s 2 /ft 



Friction forces: 



Stopping data: 



f a = o 



(brakes not applied) 
F b = (0.35X100,000) = 35000 lb 
F c = (0.35X80,000) = 28,0001b 

v 1 = 30 mi/h = 44 ft/s, v 2 = 0. 



(a) Apply the principle of impulse-momentum to the entire train. 

m = m A + m B + m c = 8074 lb • s 2 /ft 
F - F A + F B + F c - 63,000 lb 
— mv 1 + Ft — mv 2 

t = m ( Vt ~ V 2 ) = (8° 74 )( 44 ) _ 5 639 s 
F 63,000 

( b ) Coupling force F AB . 

Apply the principle of impulse-momentum to car A alone. 



. A 

wj uzy 



-4- 



t = 5.64 s A 







~ m A v i + Fa* + f ab t = 0 

-(2484) (44) + 0 + F ab (5.639) = 0 



F ab = 19,390 lb 



F ab = 19,390 lb (tension) 4 
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PROBLEM 13.130 

Solve Problem 13.129 assuming that the brakes are applied only on the wheels of car A. 

PROBLEM 13.129 The subway train shown is traveling at a speed of 30 mi/h when the brakes are fully 
applied on the wheels of cars B and C, causing them to slide on the track, but are not applied on the wheels of 
car A. Knowing that the coefficient of kinetic friction is 0.35 between the wheels and the track, determine 
(a) the time required to bring the train to a stop, (b) the force in each coupling. 



SOLUTION 



Weights of cars: IV, = W c = 80,000 lb, W B = 100,000 lb 

Masses of cars: m A = m c — 2484 lb • s 2 /ft, m B = 3106 lb - s 2 /ft 

For each car the normal force (upward) is equal in magnitude to the weight of the car. 

N a = N c = 80,000 lb N b = 100,000 lb 

Friction forces: F A = (0.35)(80,000) = 28,000 lb 

F b = 0] 

F 1 (brakes not applied) 

Stopping data: v 1 = 30 mi/h = 44 ft/s, v 2 = 0. 

(a) Apply the principle of impulse-momentum to the entire train. 

m = m A + m B + m c = 8074 lb • s 2 /ft 
F - F A + F B + F c - 28,000 lb 
- m\\ + Ft = mv 2 



t = m(. v \ — v 2 ) _ ( 8 ° 74 )( 44 ) _ 12 688 s 
F 28,000 



t = 12.69 s A 



(b) 



Coupling force F AB : 

Apply the principle of impulse-momentum to car A alone. 



A 

TTtJ H7T 



m hA r t 



+ 




-m A v } + F A t + F AB t = 0 
— (2484)(44) + (28,000)(12.688) + F AB ( 12.688) = 0 

F ab = -19,390 lb F ab = 19,390 lb (compression) A 
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PROBLEM 13.131 



90 km/h 

< 



8000 kg 




A trailer truck with a 2000-kg cab and an 8000-kg trailer is 
traveling on a level road at 90 km/h. The brakes on the trailer 
fail and the antiskid system of the cab provides the largest 
possible force which will not cause the wheels of the cab to 
slide. Knowing that the coefficient of static friction is 0.65, 
determine (a) the shortest time for the rig to come to a stop, 
( b ) the force in the coupling during that time. 



SOLUTION 



v = 90 km/h = 25 m/s 



O) 



The shortest time for the rig to come to a stop will be when the friction force on the wheels is maximum. 
The downward force exerted by the trailer on the cab is assumed to be zero. Since the trailer brakes fail, 
all of the braking force is supplied by the wheels of the cab, which is maximum when the wheels of the 
cab are at impending sliding. 









1 — ^ 


f t p— r 






° it 


Wr-fc 



UjMe+HKOO-l, 



Fr i -2 = Ms N ch - 2 N c = m c s = (2000) g 
Ft x _ 2 = (0.65X2000 )gt 



[(m c + m r )vj 2 = -Ft + [( m c + m T )v]| 
i 0 = -(0.65X2000 kg)(9.81 m/s 2 )(h_ 2 ) = 10,000 kg(25 m/s) 



( b ) For the trailer: 




-i- [m T v] 2 = -Qt 1 _ 2 +[m T v\ 

From (a), t t _ 2 = 19.60 s 

0 = -<2(19.60 s) + (8000 kg)(25 m/s) 
<2 = 10, 204 N 



fi_ 2 = 19.60 s -4 



Q = 10.20 kN (compression) 4 
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PROBLEM 13.132 (Continued) 



Principle of impulse and momentum applied to weight A. 

JP 









K* 



+| : 0 + Tt-W A t = m A (v A ) 2 



Tt + W A t = m A (2V B2 ) 

Tt - 29.43f = (3 kg)(2)(2.5 m/s) 
7Y- 29.43/ = 15 

To eliminate T multiply Eq. (2) by 2 and add to Eq. (1). 

(a) Time: 91.14r = 50 

From Eq. (2), T = — + 29.43 

( b ) Tension in the cable. 



(2) 

t = 0.549 s ◄ 
T = 56.8 N ◄ 
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ff — 


_ £ PROBLEM 13.133 








An 8-kg cylinder C rests on a 4-kg platform A supported by a cord which 








passes over the pulleys D and E and is attached to a 4-kg block B. Knowing 








that the system is released from rest, determine (a) the velocity of block B 








after 0.8 s, ( b ) the force exerted by the cylinder on the platform. 


8 kg 


1 1 1 

1 

1 

1 


1 & 




1 


4 kg 


4 kg H 


A 


Tn 
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F (lb) 



t (ms) 



PROBLEM 13.134 

An estimate of the expected load on over-the-shoulder 
seat belts is to be made before designing prototype 
belts that will be evaluated in automobile crash tests. 
Assuming that an automobile traveling at 45 mi/h is 
brought to a stop in 1 10 ms, determine (a) the average 
impulsive force exerted by a 200-lb man on the belt, 
( b ) the maximum force F m exerted on the belt if the 
force-time diagram has the shape shown. 



SOLUTION 



(a) Force on the belt is opposite to the direction shown. 

Vj = 45 mi/h = 66 ft/s, 
W = 200 lb 

mvj — J Fr/r = ms 2 



Fdt = FAr 




my. 



niO, — ° 



At = 0.1 10 s 



(200 lb)(66 ft/s) 
(32.2 ft/s 2 ) 



F(0.1 10 s) = 0 



= - 



( 200 )( 66 ) 

(32.2X0.110) 



- = 3727 lb 



= 3730 lb ◄ 



(b) 



Impulse = area under F—t diagram = — F m (0. 1 10 s) 
From (a), impulse = F ave A/ = (3727 lb)(0. 110 s) 



^ F m (0. 110) = (3727)(0. 110) 



F(lb) 
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▲ 


P (N) 




PROBLEM 13.135 


tr 


13 


A 


A 60-g model rocket is fired vertically. The engine 
applies a thrust P which varies in magnitude as shown. 




5 


/ 1 


Neglecting air resistance and the change in mass of the 
rocket, determine (a) the maximum speed of the rocket 
as it goes up, ( b ) the time for the rocket to reach its 






n 0 n 0 A c s maximum elevation. 

0.2 0.3 0.8 t{s) 



SOLUTION 



Mass: 

Weight: 

Forces acting on the model rocket: 
Thrust: 

Weight: 

Support: 

Over 



Before the rocket lifts off, 
S become zero when t = t v 



m = 0.060 kg 

mg = (0.060)(9.8 1) = 0.5886 N 

P(f)(gi ven function of t) j 
W (constant) | 

S (acts until P > W) j 
0 < t < 0.2 s: 

P = — t = 65t 
0.2 

W = 0.5886 N 
S = W - P = 0.5886 - 65/ 



0 = 0.5886 -65*! h = 0.009055 s. 



Impulse due to S: (t>t l ) 

r Sdt= f h Sdt 

Jo Jo 

1 

= - mgti 

= (0.5)(0.5886)(0.009055) 
= 0.00266 N • s 



The maximum speed occurs when 



dv 

— -a 
dt 



= 0 . 




At this time, W - P-0, which occurs at t 2 = 0.8 s. 
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PROBLEM 13.135 (Continued) 



(a) Maximum speed (upward motion): 

Apply the principle of impulse-momentum to the rocket over 0 <t<t 2 - 
■ 0.8 
10 



p 0.8 

Pdt = area under the given thrust-time plot. 

Jo 



= - (0.2)(1 3) + - (0. 1)(1 3 + 5) + (0.8 - 0.3)(5) 
= 4.7 N -s 

c 0.8 

Wdt = (0.5886)(0.8) = 0.47088 N-S 

Jo 



p 0.8 p 0.8 p O.i 

m i V] + J Pdt + J Sdt - J 



Wdt = mv 1 



0 + 4.7 + 0.00266 - 0.47088 = 0.060 v. 



( b ) Time f 3 to reach maximum height: (v 3 = 0) 



mv j + [ Pdt + [ 

Jo Jo 



Sdt - Wt 3 - m v 3 



0 + 4.7 + 0.00266 - 0.5886t 3 = 0 



v 2 = 70.5 m/s A 



t 3 = 7.99 s ◄ 
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p (MPa) 




PROBLEM 13.136 

A simplified model consisting of a single straight line is to be obtained for the 
variation of pressure inside the 10-mm-diameter barrel of a rifle as a 20-g 
bullet is fired. Knowing that it takes 1.6 ms for the bullet to travel the length of 
the barrel and that the velocity of the bullet upon exit is 700 m/s, determine the 
value of pq . 
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125 lb 



PROBLEM 13.137 



P (lb) 




A 125-lb block initially at rest is acted upon by a force P which 
varies as shown. Knowing that the coefficients of friction between 
the block and the horizontal surface are ju s = 0.50 and ju k = 0.40, 
determine ( a ) the time at which the block will start moving, ( b ) the 
maximum speed reached by the block, (c) the time at which the 
block will stop moving. 
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PROBLEM 13.138 

Solve Problem 13.137, assuming that the weight of the block is 175 lb. 

PROBLEM 13.137 A 125-lb block initially at rest is acted upon by a 
force P which varies as shown. Knowing that the coefficients of 
friction between the block and the horizontal surface are ju s = 0.50 
and ju k = 0.40, determine (a) the time at which the block will start 
moving, (b) the maximum speed reached by the block, (c) the time at 
which the block will stop moving. 
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6 in. 



90 mi/h 



PROBLEM 13.139 

A baseball player catching a ball can soften the impact by 
pulling his hand back. Assuming that a 5-oz ball reaches 
his glove at 90 mi/h and that the player pulls his hand back 
during the impact at an average speed of 30 ft/s over a 
distance of 6 in., bringing the ball to a stop, determine the 
average impulsive force exerted on the player’s hand. 



SOLUTION 



O-gO -Q 



v = 90 mi/h = 132 ft/s 



m = 




t 





+— ^o = F av t + mv F av 



Vkv 

gt 



mv 

t 



(^lb)( 132 ft/s) 
(32.2 ft/s 2 ) (^ys) 



F av = 76.91b ◄ 
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PROBLEM 13.140 



A 1.62 ounce golf ball is hit with a golf club and leaves it with a velocity of 100 mi/h. We assume that for 
0<t< to, where to is the duration of the impact, the magnitude F of the force exerted on the ball can be 
expressed as F — F m sin(;tt/r 0 ). Knowing that f 0 =0.5ms, determine the maximum value F m of the force 
exerted on the ball. 
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PROBLEM 13.141 

The triple jump is a track-and-field event in which an athlete 
gets a running start and tries to leap as far as he can with a 
hop, step, and jump. Shown in the figure is the initial hop of 
the athlete. Assuming that he approaches the takeoff line from 
the left with a horizontal velocity of 10 m/s, remains in 
contact with the ground for 0.18 s, and takes off at a 50° angle 
with a velocity of 12 m/s, determine the vertical component of 
the average impulsive force exerted by the ground on his foot. 
Give your answer in terms of the weight W of the athlete. 



SOLUTION 


| W£ it 

^ + cL = 

R,*t 






mvj + (P - W)A t = my, At = 0. 1 8 s 




Vertical components 


0 + (P v - W)(0 . 1 8) = — (12)(sin 50°) 
8 






P = W + ( 12 )(sin 50°) w 
(9.81)(0.18) 


P V =62\W ◄ 
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PROBLEM 13.142 

The last segment of the triple jump track-and-field event is the 
jump, in which the athlete makes a final leap, landing in a 
sand-filled pit. Assuming that the velocity of a 80-kg athlete 
just before landing is 9 m/s at an angle of 35° with the 
horizontal and that the athlete comes to a complete stop in 
0.22 s after landing, determine the horizontal component of 
the average impulsive force exerted on his feet during landing. 



SOLUTION 








+- — Cs 

35° ]\ p Hkt 

mo, f 






m = 80 kg 
At = 0.22 s 






m\ l + (P - W)Af = m\ 2 




Horizontal components 


m( 9)(cos 35°) - P H (0.22) = 0 




Ph 


= <80kg)(9 m / S )(cos35“) =26809kN 
(0.22 s) 


P H = 2.68 kN ◄ 
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PROBLEM 13.143 

The design for a new cementless hip implant is to be studied using an 
instrumented implant and a fixed simulated femur. Assuming the punch 
applies an average force of 2 kN over a time of 2 ms to the 200 g implant 
determine ( a ) the velocity of the implant immediately after impact, (b) the 
average resistance of the implant to penetration if the implant moves 
1 mm before coming to rest. 



SOLUTION 

m = 200 g = 0.200 kg 

F ave = 2 kN = 2000 N 
At = 2 ms = 0.002 s 

(a) Velocity immediately after impact: 

Use principle of impulse and momentum: 

= 0 v 2 =? Im Pl ^ 2 = F me (At) 

mv j + Imp 1 _ >2 = my 2 

0+ F dvc ( At) = mv 2 

v _ F ave (Af) _ (2000)(0.002) 

Vz m 0.200 

(b) Average resistance to penetration: 

At = 1 mm = 0.001 m 
v 2 = 20.0 ft/s 
v 3 = 0 

Use principle of work and energy. 

T 2 + U 2->3 = r 3 0r J mv 2 - Kve ( At) = 0 

i ? av e =^ = ( Q - 2Q °)( 2Q - Q)2 = 40xl0 3 N 
2 (At) (2X0.001) 



v 2 = 20.0 m/s A 



R. dve = 40.0 kN ◄ 
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PROBLEM 13.144 

A 25 -g steel-jacketed bullet is fired horizontally with a 
velocity of 600 m/s and ricochets off a steel plate along the 
path CD with a velocity of 400 m/s. Knowing that the 
bullet leaves a 10-mm scratch on the plate and assuming 
that its average speed is 500 m/s while it is in contact with 
the plate, determine the magnitude and direction of the 
average impulsive force exerted by the bullet on the plate. 



SOLUTION 

Impulse and momentum. 
Bullet alone: 



t direction: 



'A 



» -I- ^ = 

^ F t At \ pr kt 

mvj +F At = my 2 
mv l cosl5° - F t At = mv 2 cos20° 





F,A t = (0.025 kg) [600 m/s cos 15° - 400 m/s cos 20°] = 5.092 kg • m/s 



Sc, r 

At = -^~ 



l 'AV 



0.01° tn _ 2 Qx|Q~ 6 s 
500 m/s 



F, = (5.092 kg • m/s)/(20xl0~ 6 s) = 254.6xl0 3 kg • m/s 2 = 254.6 kN 



n direction: sinl5° + F n At = mv 0 sin20° 



F„Af = (0.025 kg) [600 m/s sin 15° + 400 m/s sin 20°] = 7.3025 kg • m/s 



Force on bullet: 



Force on plate: 
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PROBLEM 13.145 




A 25-ton railroad car moving at 2.5 mi/h is 
to be coupled to a 50 ton car which is at 
rest with locked wheels {/u k = 0.30). 
Determine (a) the velocity of both cars 
after the coupling is completed, (Z?) the 
time it takes for both cars to come to rest. 



SOLUTION 



Weight and mass: (Label cars A and B.) 

Car A: = 50 tons = 100,000 lb, m A = 3106 lb s 2 /ft 

Car B: W B = 25 tons = 50,000 lb, m B = 1553 lb • s 2 /ft 

Initital velocities: v a _ ® 



v B = 2.5 mi/h = 3.6667 ft/s v B = 3.6667 ft/s - — 



(a) The momentum of the system consisting of the two cars is conserved immediately before and after 
coupling. 




Let be the common velocity of that cars immediately after coupling. Apply conservation of 
momentum. 



( b ) 



-: m B v B = m A v +m B v 



v > = m B v B = (3106X3.6667) = 2 ^ ft/s 
m A + m B 4569 

After coupling: The friction force acts only on car A. 

+ flF = 0 A : N a -W a = 0 N a =W a 

f a = Mk N a = M k W A (sliding) 
F b = 0 (Car B is rolling.) 



Apply impuslse-momentum to the coupled cars. 




F/t 



v' = 1.667 mi/h •* — -4 
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PROBLEM 13.146 




At an intersection car B was traveling south and car A was 
traveling 30° north of east when they slammed into each other. 
Upon investigation it was found that after the crash the two cars 
got stuck and skidded off at an angle of 10° north of east. Each 
driver claimed that he was going at the speed limit of 50 km/h and 
that he tried to slow down but couldn’t avoid the crash because the 
other driver was going a lot faster. Knowing that the masses of 
cars A and B were 1500 kg and 1200 kg, respectively, determine 
(a) which car was going faster, ( b ) the speed of the faster of the 
two cars if the slower car was traveling at the speed limit. 
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650 kg 




□ PROBLEM 13.147 


\ 




The 650-kg hammer of a drop-hammer pile driver falls from a height 




.... 


of 1.2 m onto the top of a 140-kg pile, driving it 110 mm into the 






1 |' 1 .2 m ground. Assuming perfectly plastic impact (e - 0), determine the 


i 




average resistance of the ground to penetration. 






L40 kg 


s' 


• ■ 


V. 


S' 






y 




X. 




V 



SOLUTION 

Velocity of the hammer at impact: 

Conservation of energy. 

7 [ = 0 

V H = mg (1.2 m) 

V H = (650kg)(9.81m/s 2 )(1.2 m) 

V! = 7652 J 

T 1 

2 2 

V “ = ^v 2 =325v 2 
V 2 =0 

r 1 + v 1 = r 2 + v 2 

0 + 7652- 325 v 2 

v 2 = 23.54 m 2 /s 2 
v = 4.852 m/s 

Velocity of pile after impact: 

Since the impact is plastic (e - 0), the velocity of the pile and hammer are the same after impact. 
Conservation of momentum: 



0>t=4.8SZ wte 




The ground reaction and the weights are non-impulsive. 
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PROBLEM 13.148 

A small rivet connecting two pieces of sheet metal is being clinched 
by hammering. Determine the impulse exerted on the rivet and the 
energy absorbed by the rivet under each blow, knowing that the head 
of the hammer has a weight of 1.5 lbs and that it strikes the rivet with 
a velocity of 20 ft/s. Assume that the hammer does not rebound and 
that the anvil is supported by springs and (a) has an infinite mass 
(rigid support), ( b ) has a weight of 9 lb. 



SOLUTION 

Weight and mass: 

Hammer: W H =1.5 lb m H - 0.04658 lb • s 2 /ft 

Anvil: Part a : W A - °° m A - °° 

Part b: W A -9 lb m A = 0.2795 lb • s 2 /ft 

Kinetic energy before impact: 

T \ = ^ m H v l = ^(0.04658)(20) 2 = 9.316 ft • lb 

Let \’2 be the velocity common to the hammer and anvil immediately after impact. Apply the principle of 
conservation of momentum to the hammer and anvil over the duration of the impact. 







Kinetic energy after impact: 



f|: Z/nv, = Z 



mv 



m H v H =(m H +m A )v 2 

_ m H'’H 



m H + m A 



1 ,22 
^,1 , 2 1 

t a =tK +m A )v 2 =- 

2 2 m H + m A 






m. 



m H + m A 



( 1 ) 



(2) 
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PROBLEM 13.149 




6 in. | (1) | 4 in. 




( 2 ) 



Bullet B weighs 0.5 oz and blocks A and C both weigh 
3 lb. The coefficient of friction between the blocks 
and the plane is jU k = 0.25. Initially the bullet is 
moving at vo and blocks A and C are at rest (Figure 1). 
After the bullet passes through A it becomes 
embedded in block C and all three objects come to 
stop in the positions shown (Figure 2). Determine the 
initial speed of the bullet v 0 . 



SOLUTION 

Masses: 

Bullet: m R = — = 970.5 xl(T 6 lb • s 2 /ft 

B (16X32.2) 

Blocks A and C: m , = m r = — — — = 93. 168x1 0 3 lb • s 2 /ft 

c 322 



Block C + bullet: m c +m B — 94.138x10 3 lb - s 2 /ft 

Normal forces for sliding blocks from N - mg = 0 



Block A: N a — m A g — 3.00 lb. 

Block C + bullet: N c = (m c +m B )g = 3.03125 lb. 

Let Vo be the initial speed of the bullet; 

V\ be the speed of the bullet after it passes through block A; 

va be the speed of block A immediately after the bullet passes through it; 

Vc be the speed block C immediately after the bullet becomes embedded in it. 

Four separate processes and their governing equations are described below. 

1. The bullet hits block A and passes through it. Use the principle of conservation of momentum. 

(U)o =° 

m B v 0 + m A (v A ) 0 = m B \\+m A v A 



m.v 



A ‘'A 



m R 



( 1 ) 



2. The bullet hits block C and becomes embedded in it. Use the principle of conservation of momentum. 

( v c)o = 0 

m B Vj + m c (v c ) 0 = ( m B + m c )v c 
(m B +m c )v c 






m B 



(2) 
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PROBLEM 13.149 (Continued) 



3. Block A slides on the plane. Use principle of work and energy. 

A + ^A— >2 = A> 



1 2 at j rv 

-m A v A - fU k N A d A = 0 or v A = 

2 V m A 

4. Block C with embedded bullet slides on the plane. Use principle of work and energy. 

d c =4 in. = 0.33333 ft 

A + ^A— >2 = A> 



1 2 

— (m c + m B )v c — H k N c d c =0 or v c 



2^kN c d c 
m c + m B 



Applying the numerical data: 
From Eq. (4), 

From Eq. (3), 

From Eq. (2), 



(2)(0.25)(3.03 125)(0.33333) 
94.138xl0‘ 3 
= 2.3166 ft/s 

(2)(0.25)(3.00)(0.5) 
93.168x10 3 
= 2.8372 ft/s 

_ (94.138 x 10“ 3 )(2.3166) 



970.5x10 
= 224.71 ft/s 



i-6 



FromEq. (1), 



v 0 =224.71 + 



(93.1 38 xl0^ 3 )(2. 8372) 



( 3 ) 



970.5x10 



i-6 



(4) 



= 497 ft/s ◄ 
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PROBLEM 13.150 

A 180-lb man and a 120-lb woman stand at opposite ends of a 
300-lb boat, ready to dive, each with a 16-ft/s velocity relative 
to the boat. Determine the velocity of the boat after they have 
both dived, if (a) the woman dives first, ( b ) the man dives first. 



SOLUTION 

(a) Woman dives first: 

Conservation of momentum: 






120 . 300 + 180 

(16- v,) + Vj = 0 

g g 



(120X16) 

v, = = 3.20 ft/s 

600 



Man dives next. Conservation of momentum: 



3oO + l3o„r 












300 + 180 300 180 

Vj = v 2 H (16 — v 2 ) 

g g ■ g 

480V, - (180X16) = 

2 480 



( b ) Man dives first: 

Conservation of momentum: 



1 80 ,, ~ ,, 300 + 120 , 

(16- vj 

g g 



v[ = 0 



v 2 = 2.80 ft/s 



(180X16) =4g0ft/s 
' 600 



Woman dives next. Conservation of momentum: 



300 + 120 , 300 , 120 

v 1 = v 2 H (16 - v 2 ) 

g g g 



, -420v, + (120)(16) 

r, = 1 — 

420 



= -0.229 ft/s 



v 2 = 0.229 ft/s 
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PROBLEM 13.151 



A 75-g ball is projected from a height of 1.6 m with a horizontal velocity 
of 2 m/s and bounces from a 400-g smooth plate supported by springs. 
Knowing that the height of the rebound is 0.6 m, determine (a) the 
velocity of the plate immediately after the impact, (b) the energy lost due 
to the impact. 
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PROBLEM 13.152 

A 2 -kg sphere A is connected to a fixed Point O by an inextensible cord of length 
1.2 m. The sphere is resting on a frictionless horizontal surface at a distance of 1.5 ft 
from O when it is given a velocity v 0 in a direction perpendicular to line OA. It 
moves freely until it reaches position A', when the cord becomes taut. Determine 
the maximum allowable velocity v 0 if the impulse of the force exerted on the cord 
is not to exceed 3 N s. 



SOLUTION 

For the sphere at A' immediately before and after the cord becomes taut 

xmo* 

to Ooj Q 4- Q = © 

/ ^ cos ~ % ( oj ;/ u % = 6538 ° 

mv 0 + F At = mv A ' 

mv 0 sin 0 - F At = 0 F At — 3 N • s 

m — 2 kg 

2(sin65.38°)v 0 = 3 

v 0 = 1.650 m/s 4 
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PROBLEM 13.153 





m /P 



A 1-oz bullet is traveling with a velocity of 1400 ft/s when it impacts and 
becomes embedded in a 5-lb wooden block. The block can move vertically 
without friction. Determine (a) the velocity of the bullet and block immediately 
after the impact, ( b ) the horizontal and vertical components of the impulse 
exerted by the block on the bullet. 



SOLUTION 

Weight and mass. Bullet: w - 1 oz = — lb m — 0.001941 lb • s 2 /ft. 

16 

Block: W = 5 lb M = 0.15528 lb • s 2 /ft. 

(a) Use the principle of impulse and momentum applied to the bullet and the block together. 




V 

M') ax ' 

Em v | + Elmp^j = ni\ 2 
Components T : mv 0 cos30° + 0 - (m + M)v 

mv 0 cos 30° _ (0.001941)(1400)cos 30° 

V _ m + M ~ 0.157221 

V = 14.968 ft/s 

v = 14.97 ft/s ) ◄ 
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PROBLEM 13.154 

In order to test the resistance of a chain to impact, the chain is suspended 
from a 240-lb rigid beam supported by two columns. A rod attached to the 
last link is then hit by a 60-lb block dropped from a 5 -ft height. Determine the 
initial impulse exerted on the chain and the energy absorbed by the chain, 
assuming that the block does not rebound from the rod and that the columns 
supporting the beam are ( a ) perfectly rigid, (b) equivalent to two perfectly 
elastic springs. 
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PROBLEM 13.F6 

A sphere with a speed v 0 rebounds after striking a frictionless inclined plane as 
shown. Draw impulse-momentum diagrams that could be used to find the 
velocity of the sphere after the impact. 
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PROBLEM 13.F7 



An 80-Mg railroad engine A coasting at 6.5 km/h strikes a 20-Mg 
flatcar C carrying a 30-Mg load B which can slide along the floor of 
the car iLi /( = 0.25). The flatcar was at rest with its brakes released. 
Instead of A and C coupling as expected, it is observed that A 
rebounds with a speed of 2 km/h after the impact. Draw impulse- 
momentum diagrams that could be used to determine (a) the 
coefficient of restitution and the speed of the flatcar immediately 
after impact, and ( b ) the time it takes the load to slide to a stop 
relative to the car. 
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PROBLEM 13.F8 

Two frictionless balls strike each other as shown. The coefficient of restitution 
between the balls is e. Draw the impulse-momentum diagrams that could be 
used to find the velocities of A and B after the impact. 



SOLUTION 

Answer: 
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PROBLEM 13.F9 


A 

— 1 




A 10-kg ball A moving horizontally at 12 m/s strikes a 10-kg block B. The 


V A W 

<sf\ 




coefficient of restitution of the impact is 0.4 and the coefficient of kinetic 




V 


friction between the block and the inclined surface is 0.5. Draw impulse- 




q 

i 


momentum diagrams that could be used to determine the speeds of A and B 




after the impact. 
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PROBLEM 13. F10 

Block A of mass m A strikes ball B of mass m B with a speed of v A as shown. 
Draw impulse-momentum diagrams that could be used to determine the 
speeds of A and B after the impact and the impulse during the impact. 
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1 m/s 1.5 m/s 




PROBLEM 13.155 

The coefficient of restitution between the two collars is known to be 
0.70. Determine (a) their velocities after impact, (b) the energy loss 
during impact. 



SOLUTION 

Impulse-momentum principle (collars A and B ): 

Z/nVj + XImp 2 = Eotv 2 



A 




6 




A 


* H 

, j 


6 


J 


A 




8 



m A nX„ 












Horizontal components + . : m A v A + m B v B = m A v A + m B \' B 
Using data, (5)(l) + (3)(-1.5) = 5v^ + '$v' B 



or 5v^+3vg=0.5 (1) 

Apply coefficient of restitution. 

v B -v A =e(v A -v H ) 
v' B ~v' A = 0.70 [1 - (-0.5)] 



v' b -v' a =L15 (2) 

(a) Solving Eqs. (1) and (2) simultaneously for the velocities, 

v' A = -0.59375 m/s \ A = 0.594 m/s -* — ^ 

v' B — 1.15625 m/s v B =1.156m/s — *- A 

Kinetic energies: 7j = ^m A v A + ~^m B v 2 B = 1-(5)(1) 2 + ^-(3)(-1.5) 2 = 5.875 J 

T i =^ m A(Ut) 2 +^%(v^) 2 = ^(5)(-0.59375) 2 + ^(3)(1.15625) 2 = 2.8867 J 

( b ) Energy loss: 7] - T 2 = 2.99 J 4 
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PROBLEM 13.156 



Collars A and B, of the same mass m, are moving toward each other 
with identical speeds as shown. Knowing that the coefficient of 
restitution between the collars is e, determine the energy lost in the 
impact as a function of m, e and v. 
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PROBLEM 13.157 



One of the requirements for tennis balls to be used in official competition is that, when dropped onto a rigid 
surface from a height of 100 in., the height of the first bounce of the ball must be in the range 53 in. <h< 58 in. 
Determine the range of the coefficient of restitution of the tennis balls satisfying this requirement. 
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PROBLEM 13.158 




Two disks sliding on a frictionless horizontal plane with opposite velocities of 
the same magnitude v 0 hit each other squarely. Disk A is known to have a 
weight of 6-lb and is observed to have zero velocity after impact. Determine 
(a) the weight of disk B, knowing that the coefficient of restitution between the 
two disks is 0.5, ( b ) the range of possible values of the weight of disk B if the 
coefficient of restitution between the two disks is unknown. 



SOLUTION 

Total momentum conserved: 



^ lll A V A + m B V B = m A V A + m B V ' 



( m A )v 0 +rn B (-v 0 ) = 0 + m B v 



( „ > 



Relative velocities: 



v' B -v' A =e(v A -v B ) 



V = 2ev 0 

Subtracting Eq. (2) from Eq. (1) and dividing by v 0 , 

m. 



— — 1 — 2e = 0 — = 1 + 2e 



m B = - 



m B 



m B 



1 + 2e 



Since weight is proportional to mass, 



(a) With W A — 6 lb and e = 0.5, 



( b ) With W A - 6 lb and e-l, 



With W A - 6 lb and e - 0, 



W B = 



l + (2)(0.5) 






1 + ( 2 )( 1 ) 



■■2 lb 









( 1 ) 



B 



(2) 



Wa 



W B = 3.00 lb ◄ 






l + (2)(0) 



= 6 1b 



Range: 



2.00 lb < W B < 6.00 lb ◄ 
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PROBLEM 13.159 






To apply shock loading to an artillery shell, a 20-kg pendulum A is released 






from a known height and strikes impactor B at a known velocity Vo. 


r 1 


J 


Impactor B then strikes the 1-kg artillery shell C. Knowing the coefficient of 


m Hr 


' restitution between all objects is e, determine the mass of B to maximize the 






impulse applied to the artillery shell C. 



SOLUTION 



First impact: A impacts B. m A = 20 kg, m B = ? 

Impulse-momentum: Emv + Zlmp^j = Smv 2 

















6 




A 


4- 


e 


- -* 


A 







OO’ 





m A /t^ 



Components directed left: m A v 0 = m A v' A + m B v' B 

20 v 0 = 20v^ + m B v' B 

Coefficient of restitution: v' B - v' A - e(v A - v B ) 

v 'b -v A = ev 0 

v 'a = v 'b ~ ev o 

Substituting Eq. (2) into Eq. (1) yields 

20 v 0 = 20 ( v ^ - ev 0 ) + m B v' B 

20v 0 (l + e) = (+m B )v' B 

, _ 20v 0 (1 + e) 
l ’ B ~ 20 + m B 



Second impact: B impacts C. m B = ?, m c = 1 kg 

Impulse-momentum: I.m\ 2 + XImp 2 ^ 3 = £mv 3 




B 

«-o- 








4 " 





^ 



(i) 



(2) 



( 3 ) 





6 

b-a* 






PROPRIETARY MATERIAL. © 2013 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, 
reproduced or distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited 
distribution to teachers and educators permitted by McGraw-Hill for their individual course preparation. If you are a student using this Manual, 






PROBLEM 13.159 (Continued) 



Components directed left: 



m B v B = m B v B + m c v c 



Coefficient of restitution: 



m B v B = m B v B + v c 



n n , r r N 

V C - v B = e(v B - v c ) 



(4) 



ff ff / 

V B -V C = ev c 



Substituting Eq. (4) into Eq. (5) yields 



m B v 'v = m B (v" - ev' B ) + m c v’ c 
m B v' B (\+e) = (\+m B )v" : 



„ _ m B v’ B (\ + e) 
v c ~ ' 



1 + m 



B 



Substituting Eq. (3) for v' B in Eq. (6) yields 



The impulse applied to the shell C is 



20«j b v 0 (1 + e ) 
(20 + m B )(1 + m B ) 



v . _ (1)(20) m B v Q (\ + e)“ 

C (20 + m B )(\ + m B ) 



To maximize this impulse choose m B such that 



is maximum. Set dZldm B equal to zero. 



(20 + m B )(l + m B ) 



( 5 ) 



(6) 



dZ _ (20 + m B )(1 + m B ) - m B [(20 + m B ) + (1 + m B )] 



dm K 



(20 + m B ) (1 + wi B ) 



= 0 



20 + 2 1 m B + m B — m B (2 \ + 2m B ) = 0 



20 — m B =0 



m B = 4.47 kg A 
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PROBLEM 13.160 



Two identical cars A and B are at rest on a loading dock with brakes released. Car C, of a slightly different 
style but of the same weight, has been pushed by dockworkers and hits car B with a velocity of 1.5 m/s. 
Knowing that the coefficient of restitution is 0.8 between B and C and 0.5 between A and B, determine the 
velocity of each car after all collisions have taken place. 



1.5 m/s 
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PROBLEM 13.161 




Three steel spheres of equal weight are suspended from the ceiling by cords of 
equal length which are spaced at a distance slightly greater than the diameter of 
the spheres. After being pulled back and released, sphere A hits sphere B, which 
then hits sphere C. Denoting by e the coefficient of restitution between the 
spheres and by v 0 the velocity of A just before it hits B, determine (a) the 
velocities of A and B immediately after the first collision, (b) the velocities of B 
and C immediately after the second collision, (c) Assuming now that n spheres 
are suspended from the ceiling and that the first sphere is pulled back and 
released as described above, determine the velocity of the last sphere after it is hit 
for the first time. ( d ) Use the result of Part c to obtain the velocity of the last 
sphere when n = 5 and e — 0.9. 



SOLUTION 

(a) First collision (between A and B ): 
' U&= o_^ V y p, The total momentum is conserved: 

oo=Do 

B F B 



+• 



V 0 = V A + V B 



(1) 



Relative velocities: 



(v A -v B )e = (v'-v ' ,) 



v 0 e = V B ~ V A 



Solving Equations (1) and (2) simultaneously. 



(2) 



./ _ v o (1 - e ) ^ 
v a — : ^ 



, _ v 0 (1 + e) 



py 'Uc-r -O O b " VTgj 

® ©=® © 



( b ) Second collision (between B and C): 

The total momentum is conserved. 

mv' B + mv c = mv’ B + mv' c 
Using the result from (a) for v' B 



v 0 (l + e) 



+ 0-v B +v' c 



(3) 



Relative velocities: 



0 'b -0 )e = v' c -v B 
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PROBLEM 13.162 

At an amusement park there are 200-kg bumper cars A, B, and C that have riders with masses of 40 kg, 60 kg, 
and 35 kg respectively. Car A is moving to the right with a velocity v A = 2 m/s and car C has a velocity 
v /; =1.5 m/s to the left, but car B is initially at rest. The coefficient of restitution between each car is 0.8. 
Determine the final velocity of each car, after all impacts, assuming (a) cars A and C hit car B at the same 
time, ( b ) car A hits car B before car C does. 




SOLUTION 



Assume that each car with its rider may be treated as a particle. The masses are: 

m A = 200 + 40 = 240 kg, 
m B = 200 + 60 = 260 kg, 
m c = 200 + 35 = 235 kg. 

Assume velocities are positive to the right. The initial velocities are: 

v A = 2 m/s v H = 0 v c =-1.5 m/s 
Let v' A , v' B , and v' c be the final velocities. 

(a) Cars A and C hit B at the same time. Conservation of momentum for all three cars. 

m A v A + m B v B + m c v c = m A v' A + m B v' B + m c v c 
(240)(2) + 0 + (235)( — 1 .5) = 240v; + 260v; + 235 v c 



Coefficient of restition for cars A and B. 

V B - V A = e ( v A - V B ) = (0.8)(2 - 0) = 1.6 
Coefficient of restitution for cars B and C. 

v'c - V B = e(v B - v c ) = (0.8)[0 - (-1.5)] = 1.2 
Solving Eqs. (1), (2), and (3) simultaneously, 

v A - -1.288 m/s v; =0.312 m/s v c - 1.512 m/s 



( 1 ) 

(2) 

( 3 ) 



=1.288 m/s — A 
v B - 0.312 m/s — ► M 
y' c - 1.512 m/s — *- A 
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PROBLEM 13.162 (Continued) 



( b ) Car A hits car B before C does. 

First impact. Car A hits car B. Let v' A and v' B be the velocities after this impact. Conservation of 
momentum for cars A and B. 

m A v A + m B v B = m A v' A + m B v' B 

(240)(2) + 0 = 240v; + 260v>; (4) 

Coefficient of restitution for cars A and B. 

v' B -v' A = e(v A -v B ) = (0.8)(2 - 0) - 1 .6 (5) 

Solving Eqs. (4) and (5) simultaneously, 

v' A =0.128 m/s, v; =1.728 m/s 
= 0.128 m/s — *- 
v^ = 1.728 m/s — *- 

Second impact. Cars B and C hit. Let v" B and v’ c be the velocities after this impact. Conservation of 
momentum for cars B and C. 

m B v' B + m c V C ~ m B V B + m c v c 

(260)(1 .728) + (235)( — 1.5) = 260^ + 235 v' (6) 

Coefficient of restitution for cars B and C. 

v'c - v B = e(y' B - v c ) = (0.8)[1.728 - (-1.5)] = 2.5824 (7) 

Solving Eqs. (6) and (7) simultaneously, 

v" B = -1.03047 m/s v’ c =1.55193 m/s 
\' B =1.03047 m/s - — 
v^. =1.55193 m/s — ► 

Third impact. Cars A and B hit again. Let v A and v B be the velocities after this impact. Conservation of 
momentum for cars A and B. 

/ n m , m 

m A v A + m H v H = m A v A + m B y B 

(240)(0.128) + (260)(- 1.03047) = 240v' + 260v" (8) 

Coefficient of restitution for cars A and B. 

v B - v A = e(v' A -v B ) = (0.8)[0. 128 - (-1.03047)] = 0.926776 (9) 

Solving Eqs. (8) and (9) simultaneously, 

v A = -0.95633 m/s 
v B = -0.02955 m/s 

v' = 0.95633 m/s — 
v' = 0.02955 m/s — 
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PROBLEM 13.162 (Continued) 

There are no more impacts. The final velocities are: 

v* = 0.956 m/s -* — 4 
v' = 0.0296 m/s -* — 4 
v" c = 1.552 m/s — ► 4 

We may check our results by considering conservation of momentum of all three cars over all three 
impacts. 

m A v A + m B v B +m c v c = (240)(2) + 0 + (235)(— 1.5) 

= 127.5 kg • m/s 

m A v" + m B v B + m c v’ c = (240)(-0.95633) + (260)(-0.02955) + (235)(1 .55 193) 

= 127.50 kg • m/s. 
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PROBLEM 13.163 

At an amusement park there are 200-kg bumper cars A, B, and C that have riders with masses of 40 kg, 60 kg, 
and 35 kg respectively. Car A is moving to the right with a velocity v A = 2 m/s when it hits stationary car B. 
The coefficient of restitution between each car is 0.8. Determine the velocity of car C so that after car B 
collides with car C the velocity of car B is zero. 




SOLUTION 

Assume that each car with its rider may be treated as a particle. The masses are: 

m A = 200 + 40 = 240 kg 
m B = 200 + 60 = 260 kg 
m c = 200 + 35 = 235 kg 

Assume velocities are positive to the right. The initial velocities are: 

v A = 2 m/s, Vg =0, v c = ? 

First impact. Car A hits car B. Let v' A and v' B be the velocities after this impact. Conservation of momentum 
for cars A and B. 

m A v A + ™ B v B = m A v' A + nigv'g 

(240)(2) + 0 = 240 v A + 260v B ( 1 ) 

Coefficient of restitution for cars A and B. 

v' B ~v a =e(v A -v B ) = ( 0 . 8 )( 2 - 0 ) = 1 .6 ( 2 ) 

Solving Eqs. (1) and (2) simultaneously, 

v' A = 0.128 m/s 
v' B = 1.728 m/s 

\' A = 0.128 m/s — ► 

Vg =1.728 m/s — ► 

Second impact. Cars B and C hit. Let v" B and v" c be the velocities after this impact. v B = 0. Coefficient of 
restitution for cars B and C. 

v c ~ v b ~ e ( v B ~ v c) = (0.8)(1 .728 - v c ) 
v' =1.3824 -0.8 v c 
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PROBLEM 13.163 (Continued) 



Conservation of momentum for cars B and C. 

m B v B + m c v c = m B v B + m c v" 

(260)(1 .728) + 235 v c = (260)(0) + (235)(1 .3824 - 0.8v c ) 

(235)(1.8)v c = (235)(1 .3824) - (260)(1 .728) 

v c = -0.294 m/s v c = 0.294 m/s -* — M 

Note: There will be another impact between cars A and B. 
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PROBLEM 13.164 



Two identical billiard balls can move freely on a horizontal table. Ball 
A has a velocity Vo as shown and hits ball B, which is at rest, at 
a Point C defined by 9- 45°. Knowing that the coefficient of restitution 
between the two balls is e — 0.8 and assuming no friction, determine the 
velocity of each ball after impact. 
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PROBLEM 13.165 

The coefficient of restitution is 0.9 between the two 2.37-in. diameter 
billiard balls A and B. Ball A is moving in the direction shown with 
a velocity of 3 ft/s when it strikes ball B, which is at rest. Knowing 
that after impact B is moving in the x direction, determine (a) the 
angle 6, (b) the velocity of B after impact. 



SOLUTION 



(a) Since \' B is in the x-direction and (assuming no friction), the common tangent between A and B at 
impact must be parallel to the y-axis, 



tan 6 = 



10 



6 -D 
i io 



0 = tan 
= 70.04° 



6-2.37 




( b ) Conservation of momentum in x(n) direction: 

mv A cos 0 + m(v B )„ = m(y' A )„ + mv' B 
(3)(cos 70.04) + 0 = (v' A ) n + v' B 

1.0241 = (v' A ) n + {v' B ) (1) 

Relative velocities in the n direction: 



e = 0.9 (v A cos 6 - (v B ) n )e = v' B - (v' A )„ 

(1 .0241- 0)(0.9) = v' B -(v' A )„ 
(1) + (2) 2v' b =1.0241(1.9) 



(2) 

v' B =0.972 ft/s -^4 
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PROBLEM 13.166 


r 


= 4 m/s 

If 


A 600-g ball A is moving with a velocity of magnitude 6 m/s when it is 
hit as shown by a 1-kg ball B which has a velocity of magnitude 4 m/s. 


v A = 6m/s 'Y'Am 


m 


Knowing that the coefficient of restitution is 0.8 and assuming no 




friction, determine the velocity of each ball after impact. 


*y 
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PROBLEM 13.166 (Continued) 



n -direction: 

Relative velocities: 

Kv A ) n -(v B ) n ]e = (v' B ) n -iy' A ) n 
[(4.596) - (— 4)](0.8) = (v^ )„ - (v' A ) n 

6.877 = (v' B ) n -(v' A ) n (3) 

Total momentum conserved: 

m A ( V A )„ + ( V B )n = m A ( V A )« + m B O'fl ) n 

(0.6 kg)(4.596 m/s) + (1 kg)(-4 m/s) = (1 kg)(vg)„ + (0.6 kg)(v^)„ 

-1.2424 = (v;)„+0.6(v;) II (4) 

Solving Eqs. (4) and (3) simultaneously, 

( v' A ) n =5.075 m/s 
(y' B ) n =1.802 m/s 



Velocity of A: 
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PROBLEM 13.167 

V B 




Two identical hockey pucks are moving on a hockey rink at the same speed of 3 m/s 
and in perpendicular directions when they strike each other as shown. Assuming a 
coefficient of restitution e — 0.9, determine the magnitude and direction of the 
velocity of each puck after impact. 
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PROBLEM 13.167 (Continued) 



Summary: 



(v' A )„ =0.8338 m/s 20° 

(v' x ),= 1.0261 m/s ^70° 

2.6268 m/s ^ 20° 

(v' B ), =2.8191 m/s "^70° 

v A = ^/(0.8338) 2 + (1.0261) 2 = 1 .322 m/s 

tana - 1 0261 a -50.9° a + 20° = 70.9° 
0.8338 



v' A =1.322 m/s ^70.9° ◄ 



v B = 7(2.6268) 2 +(2.8191) 2 = 3.85 m/s 

O O 1 Q 1 

tan B = — — B = 47.0° £-20° = 27.0° 

2.6268 



£ 




v' B =3.85 m/s ^27.0° ◄ 




v/e^oc-i'4y 6 
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PROBLEM 13.168 




B 


Two identical pool balls of 57.15-mm diameter, may move freely on a 






pool table. Ball B is at rest and ball A has an initial velocity v = v 0 i. 






h (a) Knowing that b - 50 mm and e - 0.7, determine the velocity of 






each ball after impact. ( b ) Show that if e = l, the final velocities of the 






balls from a right angle for all values of b. 

X 



SOLUTION 

Geometry at instant of impact: 

■ a b 50 
sin 6 - — = 

d 57.15 
6 = 61.032° 

Directions n and t are shown in the figure. 

Principle of impulse and momentum: 

p , 

SFdt 

* O ' 



Ball A, r-direction: mv 0 sin 9 + 0 - m(v A ) t (v A ) l = v 0 sin 9 (1) 

Ball B, r-direction: 0 + 0 = m(v B ) t (v H ), = 0 (2) 

Balls A and B. //-direction: mv 0 cos 6 + 0 + m(v A ) n + m(v B ) n 

( v aX, +(v b )„ = v 0 cos6> (3) 

Coefficient of restitution: (v B ) n ~(v A ) n = e[v 0 cos 9\ (4) 

(a) e = 0.7. From Eqs. (1) and (2), 

(v A ) f =0.87489 v 0 (1/ 

(v«) r =0 (2 )' 
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PROBLEM 13.168 (Continued) 



FromEqs. (3) and (4), 



(va)„+(v b )„=0.48432v 0 




(3)' 


A)„-(v a )„ = (0.7)(0.48432v 0 ) 




(4)' 


Solving Eqs. (5) and (6) simultaneously, 






(v A )„ = 0.072648v 0 (y B )„ = 0.41 167 v 0 






Er =V( v a)«+( v a)? 


^ jA 


l 


= ^(0.072648 v 0 ) 2 +(0.87489v 0 2 






= 0. 87790 v 0 




Ha 


tan p = (Va) ' 1 = °- 072648v o _ 0.083037 
(v A ) t 0.87489 v 0 




P = 4.7468° 

<p = 90° -0 — ft 






= 90° -61.032° -4.7468° 






= 24.221° 








v A =0.878v 0 A24.2° ◄ 




v b = 0.412v 0 ^C61.0° ◄ 


e = 1. Eqs. (3) and (4) become 






0A +0A = v o cos6> 




(3) # 


(eA -(v a )„ = v o cos6> 




(4)* 



Solving Eqs. (3)* and (Af simultaneously. 



OA= 0 ’ O'A =v o cos0 

But (v A ) f = v 0 sin 0, and (y B ), = 0 

y A is in the /-direction and \ B is in the n-direction; therefore, the velocity vectors form a right angle. 
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PROBLEM 13.169 

A boy located at Point A halfway between the center O of a 
semicircular wall and the wall itself throws a ball at the wall in 
a direction forming an angle of 45° with OA. Knowing that 
after hitting the wall the ball rebounds in a direction parallel to 
OA, determine the coefficient of restitution between the ball and 
the wall. 
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PROBLEM 13.170 

The Mars Pathfinder spacecraft used large airbags to cushion 
its impact with the planet’s surface when landing. Assuming 
the spacecraft had an impact velocity of 18 m/s at an angle 
of 45° with respect to the horizontal, the coefficient of 
restitution is 0.85 and neglecting friction, determine (a) the 
height of the first bounce, ( b ) the length of the first bounce. 
(Acceleration of gravity on the Mars = 3.73 m/s 2 .) 
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PROBLEM 13.171 

A girl throws a ball at an inclined wall from a height 
of 3 ft, hitting the wall at A with a horizontal 
velocity v 0 of magnitude 25 ft/s. Knowing that the 
coefficient of restitution between the ball and the 
wall is 0.9 and neglecting friction, determine the 
distance d from the foot of the wall to the Point B 
where the ball will hit the ground after bouncing 
off the wall. 



SOLUTION 



mvsin30° = mv' t 
(25)(sin30°) = v' 

v t = 12.5 ft/s 

(vcos30°)e = v n 
(25)(cos30 o )(0.9) = v n v' n = 19.49 ft/s 




Write v in terms of x and y components 

( v /) 0 = v ' (cos 30°) - v;(sin30°) = 19.49(cos30°) - 12.5(sin30°) 

= 10.63 ft/s 

(v',) 0 = v' (sin 30°) + v' (cos 30°) = 19.49(sin30°) + 12.5(cos30°) 

= 20.57 ft/s 



Momentum in t direction is conserved 



Coefficient of restitution in //-direction 



1> / 

<57 




<T 



t / \ 

/ 0-5 ft 



J 






3o c 




n 
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PROBLEM 13.172 


v v ol 








h \ 

1 


A sphere rebounds as shown after striking an inclined plane 
with a vertical velocity v 0 of magnitude v 0 = 5 m/s. Knowing 










that a- 30° and e - 0.8 between the sphere and the plane, 
determine the height h reached by the sphere. 
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PROBLEM 13.173 

A sphere rebounds as shown after striking an inclined 
plane with a vertical velocity v 0 of magnitude v 0 = 6 m/s. 
Determine the value of a that will maximize the horizontal 
distance the ball travels before reaching its maximum 
height h assuming the coefficient of restitution between 
the ball and the ground is (a) e = l, ( b ) e- 0.8. 



SOLUTION 

Directions x, y, n, and t are shown in the sketch. 

Analysis of the impact: Use the principle of impulse and momentum for 
components in the r-direction. 

mv 0 sin a + 0 = m(v') l 
(v,\ =v 0 since 
Coefficient of restitution: (v„ ), = —e(\ n ) 0 

(v„X = ev 0 cos a 

x and y components of velocity immediately after impact: 

(v x )i = (v„ )j sin a + ( v t ), cos a = v 0 (1 + e) sin a cos a 

= ^-v 0 (l + e)sin2er 

(v )j = (v„ )j cos a - (v, )j sin a - v 0 (e cos 2 a - sin 2 a) 
= ^ v 0 [e(l + cos 2a) - (1 - cos 2a)] 

- — v 0 [(1 + e) cos 2a - (1 - e)] 

Projectile motion: Use coordinates x and y with the origin at the point of impact. 

x 0 =0 
Jo = 0 

V V =Oy)l ~gt 

v y =^v 0 [(l + e)cos2a-(l-e)]- gt 




Vertical motion: 



(2) 



( 3 ) 



( 4 ) 



v = 0 at the position of maximum height where 



(v v )i v n 

f 2 = — - — = — [(1 + e)cosa- (1- e)] 

8 2 g 



( 5 ) 
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PROBLEM 13.173 (Continued) 



Horizontal motion: 



At the point of maximum height, 



v x=( v x\ = 2 v 'o C + e ) sin 2a 
x = (y x \t 



V n 

x 2 =(v x \t 2 = — — (l + e)sin2«r[(l + e)cos2or-(l-e)] 

4g 

Let 9 -2a and Z = 4gx 2 /vQ (1 + e). To determine the value of 9 that maximizes x 2 (or Z), differentiate 
Z with respect to 9 and set the derivative equal to zero. 

Z = sin 9[{\ + e) cos 9 — (1 — e)] 

A7 

— = costffH + ejcos#- (1- e)]- (1 + e) sin 2 9 
dd 

= (l + e)cos 2 Q- (1 - Ocos#- (1 + e)(l - cos 2 0) - 0 
2(1 + e)cos 2 6-{\- e)cos#-(l + e) = 0 



This is a quadratic equation for cos 6. 



(a) e-l 



4 cos 2 9-2 =0 



cos 2 9 = — 



. . ^ 

cos 9 = ± 

2 

9 = ±45° and ±135° 
a = 22.5° and 67.5° 



Reject the negative values of 9 which make x 2 negative. 
Reject a - 67.5° since it makes a smaller maximum height. 



( b ) e = 0.8 3.6cos° 9-0.2cos9- 1.8 = 0 

cos 9 = 0.73543 and -0.67987 
9 = ±42.656° and ±132.833° 
a = ±21.328° and ±66.417° 



a = 22.5° ◄ 



a = 21.3° ◄ 
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PROBLEM 13.174 




Two cars of the same mass run head-on 
into each other at C. After the collision, the 
cars skid with their brakes locked and 
come to a stop in the positions shown in 
the lower part of the figure. Knowing that 
the speed of car A just before impact was 
5 mi/h and that the coefficient of kinetic 
friction between the pavement and the tires 
of both cars is 0.30, determine (a) the 
speed of car B just before impact, (b) the 
effective coefficient of restitution between 
the two cars. 



SOLUTION 

(a) At C: 

Conservation of total momentum: 



.1 1- I I = 

AFTee. Bepoee 



m A — m s ~ m 
5 mi/h = 7.333 ft/s 

— m A V A + m B V B = m A V A + m B V B 

-7.333 + v B - v' A + v B 

Work and energy. 

Care A (after impact): 

^=\>n A (v ' A ) 2 

T 2 =0 

U\- 2 — F f (12) 

^ 1-2 =Mk m AS( 12ft ) 



( 1 ) 



uj:=o 






| 


1 A “I 1 A__ 




0 


n=wr i 3 

iz 1 


© 



7j + U x _ 2 - T 2 
\m A (v A ) 2 -m k m A g( 12) = 0 

(v^) 2 = (2)(12 ft)(0.3)(32.2 ft/s 2 ) 



= 231.84 ft/s 2 
= 15.226 ft/s 
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PROBLEM 13.174 (Continued) 




Car B (after impact): 




T i=^m B (v' B ) 2 


^ Ob' 




t 2 = o 


©1 B | \ B |(T) 




C-2 = Mk m B g(3) 

7j + C/j_ 2 = T 2 

~m B (v' B ) 2 - M k m B g( 3) 

v B = (2)(3 ft)(0.3)(32.2 ft/s 2 ) 
(■ v B ) 2 =57.96 ft/s 2 
v' B = 7.613 ft/s 


V— a-Pt H 


From (1) 

( b ) Relative velocities: 


v B = 7.333 + v' A + v' B 

= 7.333 + 15.226 + 7.613 

— (-VA-v B )e = v' B -v' A 
(-7.333 - 30.2)e = 7.613 - 15.226 


v B = 30.2 ft/s = 20.6 mi/h A 




-(7.613) AOAOO 

e = = 0.2028 

-(37.53) 


e = 0.203 ◄ 
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PROBLEM 13.175 

A 1-kg block B is moving with a velocity Vo of magnitude v 0 = 2 m/s 
as it hits the 0.5-kg sphere A, which is at rest and hanging from a cord 
attached at O. Knowing that // A =0.6 between the block and the 
horizontal surface and e = 0.8 between the block and the sphere, 
determine after impact (a) the maximum height h reached by the 
sphere, ( b ) the distance x traveled by the block. 



SOLUTION 

Velocities just after impact 



Total momentum in the horizontal direction is conserved: 



a OE]b= C 

h B 

BGFOR-G hr T<£K- 



m A V A + m B V B = m A V ' A + m B V ' B 

0 + (1 kg)(2 m/s) = (0.5 kg)(v A ) + (1 kg)(v^ ) 



4 = V A + 2Vg 

Relative velocities: 



(1) 



(v A -v B )e = (v' B -v' A ) 

(0 - 2 )( 0 . 8 ) = v' B -v' A 
- 1.6 = v' B ~v' a 

Solving Eqs. (1) and (2) simultaneously: 

v' B - 0.8 m/s 
v' A - 2.4 m/s 

(a) Conservation of energy: 

T i=\ m A^ v i =° 

7j = ^m A (2A m/s) 2 =2.88 m A 

r 2 =o 

V 2 = m A gh 



(2) 




T l +V 1 =T 2 +V 2 2.88/ a + 0 = 0 + /i A (9.8 \)h 



h = 0.294 m ◄ 
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PROBLEM 13.176 



A 0.25-lb ball thrown with a horizontal velocity Vo strikes a 1.5-lb plate attached to a vertical wall at a height 
of 36 in. above the ground. It is observed that after rebounding, the ball hits the ground at a distance of 24 in. 
from the wall when the plate is rigidly attached to the wall (Figure 1) and at a distance of 10 in. when a foam- 
rubber mat is placed between the plate and the wall (Figure 2). Determine (a) the coefficient of restitution 
e between the ball and the plate, (b) the initial velocity Vq of the ball. 




I— I w 



24 in. 10 in. 

(1) (2) 
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PROBLEM 13.177 



B 1 




1 


[ C ] 




After having been pushed by an airline employee, an empty 40-kg 
luggage carrier A hits with a velocity of 5 m/s an identical 
carrier B containing a 15-kg suitcase equipped with rollers. The 
impact causes the suitcase to roll into the left wall of carrier B. 
Knowing that the coefficient of restitution between the two 
carriers is 0.80 and that the coefficient of restitution between the 
suitcase and the wall of carrier B is 0.30, determine (a) the 
velocity of carrier B after the suitcase hits its wall for the first 
time, (b) the total energy lost in that impact. 



SOLUTION 

(a) Impact between A and B: 

Total momentum conserved: 



a 11 ' a *~ g~ w/s n ii Op,— o 



i^=° - 



Z>o 



m A = m B = 40 kg 



i-5 m/s + 0 = v' A + v' B 



Relative velocities: 



Adding Eqs. (1) and (2) 



( v A- v B) e AB= v 'n -v' A 
(5 - 0)(0.80) = v' B - v' A 

(5 m/s)(l + 0.80) = 2v' b 

v' B = 4.5 m/s - 



Impact between B and C (after A hits B) 
Total momentum conserved: 



— 14- m B v B + m c v c = m B v B + >n c v c 
(40 kg)(4.5 m/s) + 0 = (40 kg) v B +(15 kg) v" c 



6 



B Ob’ 

_ I 



4.5 = v' B + 0.375 v' c 



Relative velocities: 



Ob ~ v c) e BC = v c ~ v 'b 

(4.5 - 0)(0.30) = v’ c - v B 
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3 in. 

1 ^ _ 1 - in 


3 in. 


PROBLEM 13.178 

Blocks A and B each weigh 0.8 lb and 
block C weighs 2.4 lb. The coefficient of 
friction between the blocks and the plane 


p iz m. * 

> v o 

m 


12 in. 

a 


,, _ n 1 a l , , a : „ 




(i) 

3 in. 


llllLldliy U1UUJV /I lliUVIllg 

at a speed v 0 = 15 ft/s and blocks B and C 


^ lz in. ^ ^ 

2D 2D 


1 are at rest (Fig. 1). After A strikes B and B 

strikes C, all three blocks come to a stop 
in the nnsitions shown IFin 21 Determine 


/ \ il f*f** * A f* A * A A * A A 


(a) the coefficients of restitution between 
(2) v 

A and B and between B and C, ( b ) the 

displacement x of block C. 



SOLUTION 



(a) Work and energy 

Velocity of A just before impact with B: 

Tr =^ 0 T 2 =\^( v \) 2 

2 g 2 g v y 2 

U^ 2 =-M k W A (\ft) 

7j + U l-2 = T 2 

1 W A 2 ... 1 W W 2 i 

v 0 -fi k W A (\) = - (v A ) 

2 g 2 g ' ; 2 

(vl) 2 - V 0 2 - 2fi k g = (15 ft/s) 2 - 2(0.3X32.2 ft/s 2 )(l ft) 
(v 2 ) 2 = 205.68 ft/s 2 , (v A ) 2 = 14.342 ft/s 

Velocity of A after impact with B: (v' A ) 2 

1 W. 



n=±^(v A )i 



2 g 

U 2 -3 = ~M k W A (3/1 2) 

t'+u 2 _ 3 = t 3 . 



T,=0 



^( v ' A f 2 -( Pk )(W A / 4) = 0 

2 g 



1 



(v A ) 2 = 2(0.3)(32.2 ft/s 2 ) I -^j-ft | = 4.83 ft 2 /s 2 
(v A ) 2 = 2.198 ft/s 



00=^1 5 -Pfc/S 

(ZD 



CED 






Iem.- 



i© 






C Uy O 

% 3m 
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PROBLEM 13.179 

A 0.5-kg sphere A is dropped from a height of 0.6 m onto a 1.0 kg 
plate B , which is supported by a nested set of springs and is initially 
at rest. Knowing that the coefficient of restitution between the sphere 
and the plate is e - 0.8, determine (a) the height h reached by the 
sphere after rebound, ( b ) the constant k of the single spring 
equivalent to the given set if the maximum deflection of the plate is 
observed to be equal to 3 h. 



SOLUTION 



Velocity of A and B after impact. 

m A = 0.5 kg 
m B =1.0 kg 

Sphere A falls . Use conservation of energy to find v A , 
the datum. 



•f 



I + 



I® 1 






°erO 



(a) 

= Ife- I [06 



Be rote f\FT £'5- 
the speed just before impact. Use the plate surface as 



With 



7j =0, Vi = m A gh 0 , T 2 =^ m A v A , V 2 = 0 

T 1 +V 1 =T 2 + V 2 0 + m A gh o = ^ m A v\ + 0 
h Q - 0.6 m, 

v A - flgh 0 = 7(2)(9.81)(0.6) 



Analysis of the impact . Conservation of momentum. 

m A y A + m B x B - m A V A + m B x' B with x B = 0 
Dividing by m A and using y-components +| with (m B /m A = 2) 

-3.4310 + 0 = (y' A ) y + 2(v' B ) y 

Coefficient of restitution . (v' B ) y - (v' A ) y = e[{v A ) y - {v B ) y ] 

(Vb),, -(v A ) y = <?(v A ) y =- 3.4310e 



v A = 3.4310 m/s i 

( 1 ) 

(2) 
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PROBLEM 13.179 (Continued) 



Solving Eqs. (1) and (2) simultaneously with e = 0.8 gives 

( v' A ) y = 0.68621 m/s 
(v B ) y = -2.0586 m/s 
v^ = 0.68621 m/s | 

= 2.0586 m/s j 

Sphere A rises . Use conservation of energy to find h. 



(a) 



(b) 



T \ = ^"U(Ut) 2 > 



V, =0, T 2 = 0, V 2 = m A gh 



1 



T \+V x =T 2 +V 2 : ^m A (v' A ) 2 +0 = 0 + m A gh 



h = 



(v' A ) 2 _ (0.68621) 2 



h = 0.0240 m ◄ 



2g (2)(9.81) 

Plate B falls and compresses the spring. Use conservation of energy. 

Let d Q be the initial compression of the spring and A be the additional compression of the spring after 
impact. In the initial equilibrium state, 

+| XF V = 0: kS 0 -W B =0 or kS Q = W B (3) 



Just after impact: 



T \ Vi = \ kS o 



At maximum deflection of the plate, T 2 - 0 

V 2 =(V 2 ) g +(V 2 ) e =-W B A + h(S 0 +A) 2 
Conservation of energy: T 1 +V 1 =T 2 + V 2 

^m B (v' B ) 2 + hs 2 = 0-W B A + hs 2 + kS 0 A + hA 2 

Invoking the result of Eq. (3) gives 

[ -m B (v ' B ) 2 =\hA 2 

Data: m B - 1.0 kg, v' B - 2.0586 m/s 

A = 3/7 = (3X0.024) = 0.072 m 

k _ m B (v' B ) 2 _ (1.0X2.0586) 2 
A 2 (0.072) 2 



(4) 



A: = 817 N/m ◄ 
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PROBLEM 13.180 



0.6 m 




A 0.5-kg sphere A is dropped from a height of 0.6 m onto a 1.0-kg 
plate B, which is supported by a nested set of springs and is initially 
at rest. Knowing that the set of springs is equivalent to a single 
spring of constant k = 900 N/m , determine (a) the value of the 
coefficient of restitution between the sphere and the plate for which 
the height h reached by the sphere after rebound is maximum, 
(b) the corresponding value of h, (c) the corresponding value of the 
maximum deflection of the plate. 



SOLUTION 


m A = 0.5 kg 
m B = 1.0 kg 






k = 900 N/m 




Sphere A falls. Use conservation of energy to find v , . the speed just before impact. Use the plate surface as 


the datum. 


T \= 0 *i = m A§ h o 






T 2 =\m A v 2 A , V 2 =0 




With h 0 = 0.6 m, 


v A = = V(2)(9.81)(0.6) 


v A = 3.4310 m/s j 


Analysis of impact. Conservation of momentum. 






m A y A + m B \ B = m A V A + m B v B with y b - 0 




Dividing by m A and using y components +j with ( m B /m A — 2) 






-3.4310 = (v' A ) y +2{v' B ) y 


(1) 


Coefficient of restitution. 


(y' B ) y -(y'A)y=e\(yA)y-(yB) y ] 
(Vfl)y -(v' A )y =e(v A )y =-3.43 lOe 






( v B>y =-3.4310 + (v^) y 


(2) 
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PROBLEM 13.180 (Continued) 



Substituting into Eq. (1), 



-3.4310 - (v' A ) y + (2)[-3.4310e + (v^J 



A’y J 



From Eq. (2), 



(va), = 1 - 1437 (2c - 1) 
(v B ) =-1.1437(1 + e) 



(a) Sphere A rises . Use conservation of energy to find h. 

T i = ^ A {v' A ) 2 , Vj = 0 

T 2 = 0, V 2 =m A gh 

T l +V 1 =T 2 +V 2 : ^m A (v' A ) 2 +0 = 0 + m A gh 



(b) 



(c) 



h = 



(v' A ) 2 _ (1 . 1437) 2 (2e — l) 2 



2g (2X9.81) 

Since h is to be maximum, e must be as large as possible. 

Coefficient of restitution for maximum h: 

Corresponding value of h . (v^) = 1.1437[(2)(1) - 1] = 1.1437 m/s 



(v^) 2 _ (1.1437) z 



h = 



(3) 

(4) 



' = 1.000 ◄ 



li = 0.0667 m ^ 



2g (2)(9.81) 

Plate B falls and compresses the spring. Use conservation of energy. 

Let £)„ be the initial compression of the spring and A be the additional compression of the spring after 
impact. In the initial equilibrium state, 



t 



XF V = 0 l<S () - W B = 0 or kS 0 = W B 



(3) 



1 



Just after impact: 

At maximum deflection of the plate, 



T i =-«U( v «) 2 . 



V^-kSo 



T 2 = 0 



^2 = (v 2 ) g + (V 2 ) e = -W b A + -k(S 0 + A) 2 



Conservation of energy: T x + V 1 -T 2 + V 2 



— m B (v' B ) 2 + — kdQ = 0 - W B A + — USq + kS 0 A + —kA~ 



1 

2 



1 

2 
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PROBLEM 13.181 



The three blocks shown are identical. Blocks B and C are at 
rest when block B is hit by block A, which is moving with a 
velocity v A of 3 ft/s. After the impact, which is assumed to 
be perfectly plastic (e = 0), the velocity of blocks A and B 
decreases due to friction, while block C picks up speed, 
until all three blocks are moving with the same velocity v. 
Knowing that the coefficient of kinetic friction between all 
surfaces is fi k = 0.20, determine (a) the time required for 
the three blocks to reach the same velocity, ( b ) the total 
distance traveled by each block during that time. 
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PROBLEM 13.181 (Continued) 



Blocks A and B: Impulse and momentum 

"I 



Wfc 



7. tVKJ- 



e 



■+■ I ^ i ^ g I = 
l °'A=' 0 'e,= i.r-ft/s | 

"Swt 

W W 

2 — (1.5) -4(0.2) Vkr = 2 — v 

<? g 

1.5 -OAgt = v 

Substitute v from Eq. (1) into Eq. (2) 

1.5 -OAgt = 0.2gt 

(1.5 ft/s) 



XD 



(2) 



/ = - 



0.6(32.2 ft/s 2 ) 

(b) Work and energy : 

From Eq. (1) v = (0.2)(32.2)(0.0776) = 0.5 ft/s 
Block C: 

1 W 7 W , 

71=0 X-— (v) 2 =— (0.5)- 

2 g 2g 

77i_2 = Ff x c = fl k Wx c — 0.2VEx c 

r i +[/ 1 _ 2 =r 2 0 + (0.2)(W)x c = -— v 2 

2 g 



t = 0.0776 s ◄ 



0-= o 
t* 



0 



Xc 



ivr= o.S'-ft/s 

>- 

[ <r 

— J0 



(0.5 ft/s) 2 



0.2(2)(32.2 ft/s 2 ) 



= 0.01941 ft 



= 0.01941 ft ◄ 



Blocks A and B: 







*J =■< 


r^T 


6 1 ■ 


t- r^rv! = , 


ft 


i© 


— V 


q K T,W 


© 




A 






i 


f X 








2 — 


(1.5) 2 = 2.25W 


t 2 = 


2 1 


l SJ 






U \-2 = -4 Mk W 8 x A = -°-% w 8 x a 




71 + C/,-2 _ 7^ 









2— | (0.5) 2 = 0.25W 

V § 



2.25W - 4(0.2)W(32.2)x, = 0.25W 



x A = 0.07764 ft 



= 0.0776 ft ◄ 
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vV 


PROBLEM 13.182 

t 






0.2 m Block A is released from rest and slides down 




\ 


the frictionless surface of B until it hits a 




(En 


bumper on the right end of B. Block A has a 






mass of 10 kg and object B has a mass of 30 kg 






and B can roll freely on the ground. Determine 




B 


the velocities of A and B immediately after 


— 




impact when (a) e-0, (b) e - 0.7. 



SOLUTION 



Let the direction be positive to the right and the y-direction vertically upward. 

Let (v A ) x , (v A ) y , (v A ) x and ( v B ) v be velocity components just before impact and (v' A ) x ,(v A )' y ,(v' B ) x , and 
(v ' B ) those just after impact. By inspection, 



0 A )y = ( V B )y =( V A)y =Ofl)y = 0 



Conservation of momentum for x-direction : 

While block is sliding down : 0 + 0 = m A (v A ) x + m H (v H ) x (y B ) x = -jS(v A ) x 

Impact: 0 + 0 = m A (v' A ) x + m B (v' B ) x (y' B ) x =-fi(v' A ) x 

where /3 - m A /m B 

Conservation of energy during frictionless sliding : 

Initial potential energies: m A gh for A, 

Potential energy just before impact: 

Initial kinetic energy: 

Kinetic energy just before impact: 



0 for B. 

Vj = 0 

r o = 0 (rest) 

rp 1 2.1 2 

T l = ~ m A V A + ~ m B V B 



To+Vo^+V, 

m A§ h = ^m A v 2 A +^m B \r B = ~ (m A + m B /3 2 )v 2 A 
= ^m A (\ + fi) v A 



: (Va)x 



2 gh 

1 + P 




(1) 

(2) 



(3) 
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A ) 


fB 

1 = 1.5 m 


600 m/s 






by 




\ 20° 


T~ 




L 


h 

1 


T 


4 kg 


■ 





PROBLEM 13.183 

A 20-g bullet fired into a 4-kg wooden block suspended from 
cords AC and BD penetrates the block at Point E, halfway 
between C and D, without hitting cord BD. Determine (a) the 
maximum height h to which the block and the embedded bullet 
will swing after impact, ( b ) the total impulse exerted on the block 
by the two cords during the impact. 



SOLUTION 



L 



\ 

\7.0° 



A ft.9 


! -t 


r~n 


— i 






6L= &UKfc 

Bu-BUU,tT 



Total momentum in x is conserved: 



O-A 



Bl 



m bl V U + m bu V bu COS 20 ° = m bl V bl + m bu V bu ( V bl = V bu ) 



0 + (0.02 kg)(-600 m/s)(cos 20) = (4.02 kgXv',) 
Conservation of energy : 



v bl = -2.805 m/s 



' AJ=-0 






□ © 



H© 



T, = 



4-02 kg '(2.805 m/s) 2 



Aj' (il =2.aosi v\(% 



7; =15.815 J 



Vi=0 

r 2 =0 V 2 = (m bl + m bu )gh 

V 2 = (4.02 kg)(9.81 m/s 2 )(h) = 39.44 h 

Ti+Vi =t 2 +v 2 

15.815 + 0 = 0 + 39.44/7 
h - 0.401 m 



h = 401 mm A 



(b) Refer to figure in part (a). 

Im pulse-momentum in v-direction : 

| + "V V sin 20 + FAt = (m bl + m bu )(v bl ) v 

(Vbi) y =0 

(0.02 kg) (-600 m/s) ( sin 20°) + FAt = 0 



FAr = 4. 10 N • s ◄ 
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PROBLEM 13.184 

A 2-lb ball A is suspended from a spring of constant 10 lb/in and is initially at rest when it 
is struck by 1-lb ball B as shown. Neglecting friction and knowing the coefficient of 
restitution between the balls is 0.6, determine (a) the velocities of A and B after the impact, 
(b) the maximum height reached by A. 




SOLUTION 

Masses: 
Other data: 



21b 



m A = 



A 32.2 ft/s 2 



= 0.062112 lb s 2 /ft 



lib 



= - 



32.2 ft/s 2 



- = 0.031056 lb s 2 /ft 



k = (10 lb/in.)(12 in./ft.) = 120 lb/ft, e = 0.6 



v A = 0, v B -2 ft/s 



For analysis of the impact use the principle of impulse and momentum. 
ZmVj + ZImp l2 = Zmv 2 



r\ 




f-direction for ball A: 



r-direction for ball B: 



Y\ 



+ 




t 







0 + 0 = m A {v A ) t (v' A ), =0 

m B v B sin 20° + 0 = m B (v' B ) t 

(v' B ), = v B sin 20° = (2)(sin 20°) = 0.6840 ft/s 
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PROBLEM 13.184 (Continued) 



-direction for balls A and B: 



m B v B cos 20° + 0 = m B (v ' B )„ + m A (v ' A )„ 



Coefficient of restitution: 



K)» + — ( v a)« =v b cos20° 
m B 

(v' B )n+2(v' A ) n = (2) COS 20° 

( v b)„-Oa)„ = 4( v A -K)J 

= e[0-(vgcos 20°)] 

= -(0.6)(2)cos20° 

Solving Eqs. (1) and (2) simultaneously, 

(v; )„ = 1 .00234 ft/s (vi )„ = -0. 12529 ft/s 

(a) Velocities after the impact: 

y’ A = 1.00234 ft/s ( 

\' B = (0.6840 ft/s -») + (0. 12529 ft/s J) 
v B = V(0.6840) 2 +(0.12529) 2 = 0.695 ft/s 



tan P = 



0.12529 

0.6840 



(j = 10.4° 



(h) Maximum height reached by A: 

Use conservation of energy for ball A after the impact. 
Position 1 : Just after impact. 



( 1 ) 



(2) 



y' A =1.002 ft/s ( ◄ 



V B = 0.695 ft/s ^10.4° ◄ 



=I mA ( v ;) 2 =i( 0.0621 12)(1.00234) 2 =0.0312021 ft -lb 



Force in spring = weight of A 



F 

X{ ~ ~k' 



W. 



21b 



120 lb/ft 



- = -0.016667 ft 



( y i) e = ~: kx i = ~: k 
2 2 






El 

2k 



(2 lb)- 



= 0.016667 ft - lb 



(2)(120) 

(V|)„ =0 (datum) 
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PROBLEM 13.184 (Continued) 



Position 2: Maximum height h. 

V 2 =0 

t 2 =o 

(V 2 ) e = ^k(h + xf = ^(120)(/7-0.016667) 2 

= 6 O/ 7 2 - 2h + 0.016667 
(V 2 ) g = W A h = (2 lb)/i = 2h 

Conservation of energy: T l +V l =T 2 + V 2 

0.031202 + 0.016667 = 0 + 60 h 2 -2 h + 0.016667 + 2 h 

60 h 2 = 0.03 1202 h = ±0.022804 ft 

Using the positive root, h = 0.274 in. A 
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PROBLEM 13.185 

Ball B is hanging from an inextensible cord. An identical ball A is 
released from rest when it is just touching the cord and drops through the 
vertical distance h A = 8 in. before striking ball B. Assuming perfectly 
elastic impact (e = 0.9) and no friction, determine the resulting maximum 
vertical displacement h B of ball B. 
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PROBLEM 13.185 (Continued) 



Ball A alone: 

Momentum in /-direction : 

-m A v A sin 30° + 0 = m A v At 
v' At = —v A sin 30° = -6.5524 sin 30° = -3.2762 ft/s 

Coefficient of restitution : 

V Bn- V 'An= e ( V An- V en) 

v' B sin 30° - v' An = 0.9(v a cos 30° - 0) 

With known value for v At , Eqs. (1) and (3) become 

v' B + v' An sin 30° = 3.2762 cos 30° 
v' B sin 30° - v' An = (0.9)(6.5524)cos 30° 

Solving the two equations simultaneously, 

v' B =4.31265 ft/s 
v An = -2.9508 ft/s 



After the impact, ball B swings upward. Using B as a free body 



T' + V' = T b +V b 



where 



T ' = ^b(v b ) 2 , 

V' = 0, 

T B = 0 



and 



V B = tn B§ h B 



- m B (v' B ) 2 =m B gh B 



(2) 



( 3 ) 



_ 1 (4.31265) 2 
_ 2 312 

= 0.2888 ft 



h B =3.47 in. A 
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PROBLEM 13.186 

A 70 g ball B dropped from a height h 0 = 1.5 m reaches a 
height h 2 = 0.25 m after bouncing twice from identical 210-g 
plates. Plate A rests directly on hard ground, while plate C 
rests on a foam-rubber mat. Determine (a) the coefficient 
of restitution between the ball and the plates, (b) the height 
/?[ of the ball’s first bounce. 
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PROBLEM 13.187 





<*■ 



v 0 



A 700-g sphere A moving with a velocity Vo parallel to the 
ground strikes the inclined face of a 2.1 -kg wedge B which can 
roll freely on the ground and is initially at rest. After impact the 
sphere is observed from the ground to be moving straight up. 
Knowing that the coefficient of restitution between the sphere 
and the wedge is e - 0.6, determine (a) the angle 6 that the 
inclined face of the wedge makes with the horizontal, (b) the 
energy lost due to the impact. 



SOLUTION 



(a) Momentum of sphere A alone is conserved in the /-direction : 

m A v 0 cos 0 = m A v' A sin 9 
v 0 = v' A tan 9 

Total momentum is conserved in the a - direction : 

m B V B + m A V 0 = m B V ' B + ( V A ) x 

V B= 0 ’ 0 ; a)* = ° 

0 + 0.700 Vq = 2. lv^ +0 
v'b =v 0 /3 

Relative velocities in the n-direction : 

( — v Q sin 9 - Q)e - —v' B sin 9 - v' A cos 9 
(T 0 )(0.6) -v' b +v' a cot 9 



Substituting v' B from Eq. (2) into Eq. (3) 



Divide (4) into (1) 



0.6v 0 = 0.333 v 0 + v' A cot 9 
0.267 v 0 = v' A cot 9 



tan 0 , 2 a 
- = tan 9 



( b ) From(l) 




0.267 cot 9 
tan 9 = 1.935 

v 0 = v' A tan 9 = v' A (1.935) 
v' A - 0.5168v 0 , v' b - v 0 /3 

T \ OS i = \ m A v l ~^( m A( v ' A ) 2 +m B v 2 B ) 



( 1 ) 



(2) 



(3) 



(4) 



9 - 62.7° ◄ 



(2) 
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PROBLEM 13.188 

When the rope is at an angle of a- 30° the 1-lb sphere A has a 
speed v 0 = 4 ft/s. The coefficient of restitution between A and the 
2-lb wedge B is 0.7 and the length of rope / = 2.6 ft. The spring 
constant has a value of 2 lb/in. and 6 = 20°. Determine (a) the 
velocities of A and B immediately after the impact, (b) the 
maximum deflection of the spring assuming A does not strike B 
again before this point. 



SOLUTION 



Masses: m A = (1/32.2) lb • s 2 /ft m B = (2/32.2) lb • s 2 /ft 

Analysis of sphere A as it swings down : 

Initial state: a- 30°, \ — /(I -coser) = (2.6)(1 -cos30°) = 0.34833 ft 

V 0 = m A gh o - (1X0.34833) = 0.34833 lb • ft 
T 0 =\m A vl = |(^W =0.24845 lb - ft 



Just before impact: 



a = 0, X =0, V, = 0 



1 2 


_ 1 


1.0 ^ 2 _ 


2 1.0 ^ 


y m A v A 


~2 


32.2 y A 


v 64.4 J 



Conservation of energy: T {] + V 0 = 7j + V 1 

0.24845 + 0.34833 = — — v 2 + 0 
64.4 A 

v 2 = 38.433 ft 2 /s 2 
v A =6. 1994 ft/s — 

Analysis of the impact . Use conservation of momentum together with the coefficient of restitution, e = 0.7. 



t 




SGU !t\ 

5a.dt V 




Note that the rope does not apply an impulse since it becomes slack. 
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PROBLEM 13.188 (Continued) 



Sphere A : Momentum in f-direction: 

m A v A sin 9 + 0 = m A (v' A ), 

(v' A ) t = v A sin 9 = 6.1994 sin 20° = 2.1203 m/s 
(\ A ) t = 2.1203 m/s Z70° 

Both A and B : Momentum in v-di recti on: 

m A v A + 0 = m A (v' A )„ cos 9 + m A (y' A ), sin 9 + m B v' B 
(l/32.2)(6. 1994) = (l/32.2)(v x )„ cos 20° + (l/32.2)(2. 120323) sin 20° + ( 2/32.2)v' B 
(l/32.2)(v' A ) n cos 20° + (2/32.2)v' b =0.17001 (1) 

Coefficient of restitution: 

K)« -(v x ) n =«[(v a ) b -(v«)„I 

Vg cos 0 - (v x )„ = e[v A cos — 0] 

v' B cos 20° - (v' A ) n = (0.7)(6. 1994) cos 20° (2) 



Solving Eqs. (1) and (2) simultaneously for ( v' A ) n and v' B , 

(v' A ) n =-1.0446 ft/s 
v B = 3.2279 ft/s 

Resolve v _ 4 into horizontal and vertical components. 

0 ’’a), 



tan [5 - 



-(y' A x 

2.1203 



1.0446 

/3 = 63.77° /? + 20° = 83i 

v; = 7(2.1 203) 2 +(1.0446) 2 
= 2.3637 ft/s 



(a) Velocities immediately after impact. 




y B = 3.23 ft/s — ◄ 



(b) Maximum deflection of wedge B. 

Use conservation of energy: Tm+V Bl =T B2 +V B2 

rjl 1 2 

T Bi=~m B v B 

y M =o 

t b2 = o 

V B2 =^k( At ) 2 
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PROBLEM 13.189 



When the rope is at an angle of a — 30° the 1-kg sphere A has 
a speed v 0 = 0.6 m/s. The coefficient of restitution between A 
and the 2-kg wedge B is 0.8 and the length of rope 1 = 0.9 m 
The spring constant has a value of 1500 N/m and 0-20°. 
Determine, (a) the velocities of A and B immediately after the 
impact ( b ) the maximum deflection of the spring assuming A 
does not strike B again before this point. 
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PROBLEM 13.189 (Continued) 



Both A and B : 

Momentum in x-direction: 

m A ( V A )* + 0 = m A ( V A )x + ( V S ), 

(i)(i.65io) = (ixv;) r +(2)(v;) r (l) 

Coefficient of restitution: (v A )„ = (v A ) x cos 6 



iy B ) n = o, (y' A )„ = (y' A ) x cos e, W B > t cos 30° 

( v «)„ -(va)„ =e[(v A )„-(v B )J 
(v« ) x cos 6» - (v' A ) x cos = e[(v A ) x cos 6>] 

Dividing by cos 0 and applying e - 0.8 gives 

K)* -Oh,), = (0.8)(1.6510) (2) 

Solving Eqs. (1) and (2) simultaneously, 

(v' A ) x = -0.33020 m/s 
(Va), =0.99059 m/s 



(a) 

(b) 



Velocities immediately after impact. 
Maximum deflection of wedge B. 

Use conservation of energy: T m + V Bl 



L B\ 



V, 



B\ 



l B 2 



v B 2 



- t b2 + V B2 

1 2 

= - m B V B 

= 0 
= 0 

= ^ k(Ax) 2 



\' A = 0.330 m/s - — M 
\' B =0.991 m/s — ◄ 



The maximum deflection will occur when the block comes to rest (ie, no kinetic energy) 

^ m B v l =^k(Ax) 2 

<\ \ 2 - m B v s _ (2)(0.99059 m/s) 2 
k 1500 N/m) 



(Ax) = 0.0362 m 



Ax = 36.2 mm A 
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PROBLEM 13.190 


35 ft 




A 32,000-lb airplane lands on an aircraft carrier and is caught by 






\ Y\ an arresting cable. The cable is inextensible and is paid out at A 








and B from mechanisms located below dock and consisting of 


35 


ft 




pistons moving in long oil-filled cylinders. Knowing that the 


. 






piston-cylinder system maintains a constant tension of 85 kips in 




B 


d 


the cable during the entire landing, determine the landing speed 








of the airplane if it travels a distance d — 95 ft after being caught 








by the cable. 
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PROBLEM 13.191 

A 2-oz pellet shot vertically from a spring-loaded pistol on the surface of the earth rises to a height of 300 ft. 
The same pellet shot from the same pistol on the surface of the moon rises to a height of 1900 ft. Determine 
the energy dissipated by aerodynamic drag when the pellet is shot on the surface of the earth. (The acceleration 
of gravity on the surface of the moon is 0.165 times that on the surface of the earth.) 



SOLUTION 



Since the pellet is shot from the same pistol the initial velocity v 0 is the same on the moon and on the earth. 



Work and energy . 
Earth: 



©9 



Moon: 



rjl 1 2 

T \ =~ mv o 

U\_ 2 = -mg e (300 ft)-E L 
( E l = Loss of energy due to drag) 

T l = ~ mV 0 T 2=° 



T 



9 @ 

©^ 

e*e th 






©>• 

HOON 






U x _ 2 = ~mg M (1900) T, - 300tng E - E L = 0 

r 2 =o 

T } - 1900 mg M = 0 

Subtracting (1) from (2) -1900 mg M + 300mg E + E L - 0 

g m =0.165 g E 

(2/16) 
m = 

8e 

E l = (i900)^^(0.165g £ )-300^^g £ 



( 1 ) 

(2) 



Se 



Se 



E, =1.688 ft lb ◄ 
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PROBLEM 13.193 

A 60-g steel sphere attached to a 200-mm cord can swing about 
Point O in a vertical plane. It is subjected to its own weight and to 
a force F exerted by a small magnet embedded in the ground. The 
magnitude of that force expressed in newtons is F = 3000/r 2 
where r is the distance from the magnet to the sphere expressed in 
millimeters. Knowing that the sphere is released from rest at A, 
determine its speed as it passes through Point B. 



SOLUTION 




Mass and weight: 


m = 0.060 kg 






W = mg = (0.060)(9.81) = 0.5886 N 


Gravitational potential energy: 


1 

ii 


where h is the elevation above level at B. 


Potential energy of magnetic force: 






F 

V 

m 


3000 dV 

= — — = (F, in newtons, r in mm) 

r 2 dr 

r ' 3000 3000 

= - — — = N • mm 

J °o p r 


Use conservation of energy: 


T\ + V x =T 2 + V 2 


Position 1 


: (Rest at A.) 


< 

II 

O 

II 

o 


0 




h x =100 mm 


| OO win 




(V g )j =(0.5886 N)(100 mm) = 58.86 N • mm 
From the figure, AD = 200 2 - 100 2 (mm 2 ) 


V 




MD = 100 + 12 = 112 mm 

'V.A 2 2 




yS /j 2 = AD + MD 






= 200 2 - 100 2 + 1 12 2 


1 00*,*, 




= 42544 mm 2 


e 

13 mm 
W 




r x = 206.26 mm 

(V r )j= 3000 = 14.545 N- mm 

r i 




Vj = 


58.86 - 14.545 = 44.3015 N • mm = 44.315xl0^ 3 N-m 
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250 mi 




R = 3960 mi 



PROBLEM 13.194 

A shuttle is to rendezvous with a space station which is in a circular orbit at 
an altitude of 250 mi above the surface of the earth. The shuttle has reached 
an altitude of 40 mi when its engine is turned off at Point B. Knowing that 
at that time the velocity v 0 of the shuttle forms an angle (j) {] = 55° with 
the vertical, determine the required magnitude of v 0 if the trajectory of 
the shuttle is to be tangent at A to the orbit of the space station. 



SOLUTION 



Conservation of energy : 



Tb 

t a 



1 2 

= -mv 0 
2 0 



1 2 

= —mv. 




r, =3960 + 250 = 4210 mi 



IgR 1 



1-*L 






'A J 

r B = 3960 + 40 = 4000 mi 
2 2 2(32.2)(3960x528) 3 



(4000x5280) 



4000 

4210 



v 2 =v 0 2 - 66.495 xlO 6 



( 1 ) 



Conservation of angular momomentum : 



Eqs. (2) and (1) 



r A V A = r B V B Sin ^0; 

v A = (4000/42 10) v 0 sin 55°= 0.77829 v 0 (2) 

[1 - (0.77829) 2 ] v 0 2 = 66.495 xlO 6 v 0 = 12,990 ft/s ◄ 
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PROBLEM 13.195 

A 300-g block is released from rest after a spring of constant 
k = 600 N/m has been compressed 160 mm. Determine the force 
exerted by the loop ABCD on the block as the block passes through 
(a) Point A, (b) Point B, (c) Point C. Assume no friction. 



SOLUTION 



Conservation of energy to determine speeds at locations A, B , and C. 

Mass: m = 0.300 kg 




Initial compression in spring: x 1 = 0.160 m 

Place datum for gravitational potential energy at position 1 . 



Position 1 : Vj = 0 



T . =! mv 2 =0 
1 2 1 



V t =\kx{= ^(600 N/m)(0.160 m) 2 = 7.68 J 
Position 2: T 2 = mv 4 = i(0.3)v^ = 0.15v^ 



V 2 = mgh 2 = (0.3 kg)(9.81 m/s 2 )(0.800 m) = 2.3544 J 
T l +V 1 =T 2 +V 2 : 0 + 7.68 = 0.15v 2 +2.3544 
v 2 =35.504 m 2 /s 2 

Position 3: T 3 = — mv 2 H - (0.3)vJ = 0. 1 5vy ; 

V 3 = mgh 3 = (0.3 kg)(9.81 m/s 2 )(1.600 m) =4.7088 J 
T l +V 1 =T 3 +V 3 : 0 + 7.68 = 0.15v 2 +4.7088 
v 2 =19.808 m 2 /s 2 

Position 4: B = — mv r 2 = (0.3)v^. = 0. 15 



V 4 = mgh 4 = (0.3 kg)(9.81 m/s)(0.800 m) = 2.3544 J 
Ty + V; = T 4 + V 4 : 0 + 7.68 = 0.1 5vy. + 2.3544 
v 2 =35.504 m 2 /s 2 
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PROBLEM 13.196 

A small sphere B of mass m is attached to an inextensible cord of length 2a, 
which passes around the fixed peg A and is attached to a fixed support at O. 
The sphere is held close to the support at O and released with no initial 
velocity. It drops freely to Point C, where the cord becomes taut, and swings 
in a vertical plane, first about A and then about O. Determine the vertical 
distance from line OD to the highest Point C" that the sphere will reach. 
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PROBLEM 13.197 

A 300-g collar A is released from rest, slides down a frictionless rod, and 
strikes a 900-g collar B which is at rest and supported by a spring of 
constant 500 N/m. Knowing that the coefficient of restitution between the 
two collars is 0.9, determine (a) the maximum distance collar A moves 
up the rod after impact, ( b ) the maximum distance collar B moves down 
the rod after impact. 
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PROBLEM 13.198 



Blocks A and B are connected by a cord which passes over pulleys 
and through a collar C. The system is released from rest when 
x— 1.7 m. As block A rises, it strikes collar C with perfectly plastic 
impact (e = 0). After impact, the two blocks and the collar keep 
moving until they come to a stop and reverse their motion. As A 
and C move down, C hits the ledge and blocks A and B keep 
moving until they come to another stop. Determine (a) the velocity 
of the blocks and collar immediately after A hits C, ( b ) the distance 
the blocks and collar move after the impact before coming to a stop, 
(c) the value of x at the end of one compete cycle. 
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PROBLEM 13.198 (Continued) 



Velocity of A and C after A hits C : 



Ttvt 



rz 




— s m 


A C. 


~3 CZ 


C- 


=J 




in 


* 


* 


r = 


A> 








Impulse-momentum A and C : 



v'a ~ v c (plastic impact) 



+| m A v A + TAt = (m A + m c ) v' A 

(5)(1.741) + TAt = 8v' A 



v b ~ v A’ V 'n ~ v 'a ( cor d remains taut) 



(1) 



B alone: 



,r A-t 






* I 



B + 



e> = 






m B v A — TAt — m B v' A 
(6)(1 .741) -TAt = 6v' a 

Adding Equations (1) and (2), 1 1(1.741) = 1 4v', 



(2) 



v' A = 1.3679 m/s 



v' A = v' B = v' c = 1.368 m/s 4 



( b ) Distance A and C move before stopping : 
Conservations of energy : 

Datum at (2) : 



Position ( 2 ): 



A>= 0 

d 



jra 



© 



T 2 =-( fn A +m H +m c )(y' A ) 



14 



i r— s-r-ifi . 

@L_AJ K 






T 2 = — (1.3681) 



T 2 =13.103 J 
V 2 =0 



_L 

?8l (D 

I L N — ^ 
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PROBLEM 13.198 (Continued) 



Position ( 3 ) : 



r 3 = 0 



V 3 = (m A + m c )gd - m B gd 
V 3 =(8-6)gd = 2gd 



T 2 +V 2 =T 3 +V 3 



13.103 + 0 = 0 + 2^ 
d = (13. 103)/(2)(9.8 1) = 0.6679 m 



d - 0.668 m A 



( c ) As the system returns to position © after stopping in position (g), energy is conserved, and the 
velocities of A, B, and C before the collar at C is removed are the same as they were in Part (a) above 
with the directions reversed. Thus, v' A — v' c - v' B - 1.3679 m/s. After the collar C is removed, the 
velocities of A and B remain the same since there is no impulsive force acting on either. 

Conversation of energy : 



Datum at © : 



V 2 =0 



T 2=^(m A + m B )(v' A ) 2 

T 2 =i(5 + 6)(1.3679) 2 
T 2 =10.291 J 

r 4 =0 V 4 =m B gx-m A gx 
V 4 = (6-5)gx 




t 2 +v 2 =t 4 +v 4 



10.291 + 0 = (l)(9.81)x 



x = 1 .049 m A 
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PROBLEM 13.199 

A 2-kg ball B is traveling horizontally at 10 m/s when it strikes 
2-kg ball A. Ball A is initially at rest and is attached to a spring 
with constant 100 N/m and an unstretched length of 1.2 m. 
Knowing the coefficient of restitution between A and B is 0.8 
and friction between all surfaces is negligible, determine the 
normal force between A and the ground when it is at the 
bottom of the hill. 



SOLUTION 

Ball B impacts on ball A. Use the principle of impulse and momentum. 

Zmv, + limp,, = Z//zv 2 





(v 0 )* = v 0 (v 0 )„ = v 0 cos 40° (v 0 ), = v 0 sin 40° 
(v a )x= v a (v a )» =v a cos40° 

( v B ) x = ( v B )„ cos 40° + (v B ), sin 40° 

Impulse-momentum for ball B alone. 

/-direction: 

m B (v 0 ),=m B (v B ), 

(v B ) t =(v 0 ), = lOsin 40° = 6.4279 m/s 
Impulse-momentum for balls A and B. 
x-direction - — 

m B V 0 + 0 = m A V A + m B ( V B ) x + m B (V B ), 

(2)(10) + 0 = 2v a + 2[(v b )„ cos 40° + 6.4279 sin 40°] 
2v a + 2(v b )„ cos 40° = 1 1.7365 



( 1 ) 



( 1 ) 
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PROBLEM 13.199 (Continued) 



Coefficient of restitution. ( e — 0.8) 

( V A =( v a)„ =e[0-(v 0 )„] 

(v B )„ -v A cos40 0 = -(0.8)(10)cos40° (2) 

Solving Eqs. (1) and (2) simultaneously, 

v A = 6.6566 m/s (v B )„ = -1.0291 m/s 

As ball A moves from the impact location to the lowest point on the path, the spring compresses and the 
elevation decreases. Since friction is negligible, energy is conserved. 

7] + v i =T 2 +V 2 

\>nA + (V e \ + <y g ), = \jn A vl + (V e ) 2 + (V g ) 2 

Position 1: (Just after impact.) 

7j =\ m A' ,2 A = ^(2)(6.6566) 2 =44.3101 J 

(V e ) l = 0 (The spring is unstretched.) 

(V ? ), =0 (Datum) 

Position 2: (Lowest point on path.) 

t, 2 1 2 2 

T 2 =~ m A V 2 =-( 2 )V 2 =V 2 

For the spring, x 2 - l 2 - / 0 = 0.4 m - 1 .2 m = 0.8 m 

F e =kx 2 =( 100)(0.8) = 80N 
(V 2 ) e = ~^kx 2 = ^-(100)(0.8) 2 = 32 J 

Elevation above datum: h 2 = -0.4 m 



(V 2 ) g - m A g h 2 = (2)(9.8 1)(— 0.4) - -7.848 

Conservation of energy: 

44.3 10 + 0 + 0 = v? + 32 - 7.848 

v 2 = 20. 158 m 2 /s 2 v 2 = 4.489 m/s 
Normal acceleration at lowest point on path: 

2 

a=^-= 20 158 =28.798 m/s 2 a =28.8 m/s 2 1 

n r\ i-i /ii 
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PROBLEM 13.200 




A 2 -kg block A is pushed up against a spring compressing it a 
distance x = 0.1 m. The block is then released from rest and 
slides down the 20° incline until it strikes a 1-kg sphere B 
which is suspended from aim inextensible rope. The spring 
constant k = 800 N/m, the coefficient of friction between A and 
the ground is 0.2, the distance A slides from the unstretched 
length of the spring d = 1.5 m and the coefficient of restitution 
between A and B is 0.8. When a = 40°, determine (a) the speed 
of B ( b ) the tension in the rope. 
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PROBLEM 13.200 (Continued) 



Impact : Conservation of momentum. 






= .. 




Both A and B, horizontal components 





■> 



Relative velocities: 



m A v A cos 0 + 0 = m A v' A cos 0 + m B v B 
(2)(2.9727) cos 20° = 2v A cos 20° + (1.00) v B 
(' ; b)„ ~(v a )„ =e[(v B )„-(v A )„] 
v' B cos 6 -v' A - e[v A - 0] 
v' B cos 20° -v' A = (0.8)(2.9727) 



Solving Eqs. (1) and (2) simultaneously, 



Sphere B rises : Use conservation of energy. 

1 



v A = 1.0382 m/s 
v' B = 3.6356 m/s 



T\=-m H (v' H ) 2 V 1= 0 



rjl i 2 

T 2 = ~ m B V 2 



V 2 = m B §^2 - g/(l - cos cr) 



Ti+^l =7’2 + ^ / 2 : ^ m i}( V B) 2+0 = ^" l B V 2 +W B g( 1 -COS) 

v 2 = ( v b ) 2 - 2g/(l - cos a) 

= (3.6356) 2 -(2)(9.81)(l-cos40°) 

= 8.6274 m 2 /s 2 



( 1 ) 

(2) 



(a) Speed of B : 

( b ) Tension in the rope : 



+\ ZF n =m B a n : 

T - m B g cos a = nz B a„ 

T = m B (a n + geos a) 

= (1 .0X8.6274 + 9.8 1 cos 40°) 



p- 1.00 m 



.6274 






p 1.00 



= 8.6274 m/s 



v 2 = 2.94 m/s 4 




T = 16.14 N ◄ 
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PROBLEM 13.201* 



The 2-lb ball at A is suspended by an inextensible cord and given an initial 
horizontal velocity of Vo. If Z = 2 ft, x B — 0.3 ft and y B — 0.4 ft determine the 
initial velocity v so that the ball will enter in the basket. Hint: use a computer 
to solve the resulting set of equations. 



v o 
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PROBLEM 13.201* (Continued) 



x and y coordinates at position 2 : 

x 2 = l cos 9 
y 2 =l sin 9 

Let t 2 be the time when the ball is in position 2. 

Motion on the parabolic path . The horizontal motion is 

x = —v 2 sin 9 
x = x 2 - (v 2 sin 9){t — t 2 ) 



At Point B, 



Vertical motion: 



At Point B, 



x — x B and t — t B . 



From Eq. (5), 



Ufi t 2 ) 



l cos 9 - x u 



v e sin 9 
y = v 2 cos 9- g(t-t 2 ) 

1 9 

>’ = >2 + (v 2 COS 6)(t -t 2 )--g(t-t 2 ) 



y B =£sm9+(v 2 cos9)(t B -t 2 )--g(t B -t 2 ) 2 



Data: 



' = 2ft, x B = 0.3 ft, y B = 0.4 ft, g = 32.2 ft/s 2 



With the numerical data, 
Eq. (1) becomes 

Eq. (6) becomes 
Eq. (7) becomes 



v 2 = 64 A sin 9 
2cos//-0.3 



t B t 2 



v 2 sin 9 



y B - 2 sin 9 + (v 2 cos 9){t B -t 2 ) - \6.\{t B —t 2 ) 

Method of solution . From a trial value of 9, calculate v 2 from Eq. (1)', t B - 1 2 from Eq. (6)', and y B 
from Eq. (7)'. Repeat until y B — 0.4 ft as required. 

Try 9 = 30°. v 2 = V64.4sin30° = 5.6745 ft/s 

2cos30°-0.3 



'h 



■ = 0.50473 s 



5.6745 sin 30° 

y B = 2 sin 30° + (5.6745 cos 30°)(0.50473) - (1 6. 1)(0.50473) 2 
= -0.621 16 ft 



( 3 ) 

( 4 ) 

( 5 ) 

(6) 



( 7 ) 

(1)' 

(6/ 

or 
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PROBLEM 13.201* (Continued) 



Try 9 = 45°. 



Try 6 = 37.5°. 



h 



v 2 = V64.4sin45° = 6.7482 

. 2cos45°-0.3 A „,, C1 

- f, = = 0.2335 1 s 

2 6.7482 sin 45° 

y B = 2 sin 45° + (6.7482 cos 45°)(0.23351) - (16. 1)(0.2335 1) 2 
= 1.65060 ft 

v 2 = V64.4sin37.5° = 6.26 1 3 ft/s 
2cos 37.5° - 0.3 



- = 0.33757 s 



6.2613 sin37.5° 

y B = 2sin37.5° + (6.2613cos37.5°)(0.33757) - (16. 1)(0.33757) 2 
= 1.05972 ft 

Let u = 9 — 30°. The following sets of data points have be determined: 

(it, y B ) = (0°, -0.621 14 ft), (7.5°, 1.05972 ft), (15°, 1.65060 ft) 

The quadratic curve fit of this data gives 

y B = -0.621 14 + 0.29678 it - 0.00968871 1 it 2 
Setting y B = 0.4 ft gives the quadratic equation 

-0.0096887 1 1 it 2 + 0.29678 it - 1 .021 14 = 0 
Solving for it, it = 3.95° and 26.68° 

Rejecting the second value gives 9 = 30° + it = 33.95°. 



Try 9 = 33.95°. 



= ^64.4 sin 33.95° = 5.997 ft/s 



2 cos 33.95° -0.3 



= 0.40578 s 



5.9971 sin33.95° 
y B = 2 sin 33.95° + (5.997 cos 33.95°)(0.40578) - (16.1)(0.40578) 2 
= 0.48462 ft 

The new quadratic curve-fit is based on the data points 

(it, y B ) = (0°, -0.621 14 ft), (3.95°, 0.48462 ft), (7.5°, 1.05972 ft). 

The quadratic curve fit of this data is 



y B = -0.62114 + 0.342053907 it -0.015725232 it 2 



Setting y B = 0.4 ft gives 



-0.015725232 it + 0.342053907 it - 1.021 14 = 0 
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